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INTRODUCTION
In  1952 th e  Hungarian A cadem y of Sciences founded a Geographical Research 
In s titu te  for more effective and com prehensive geographical investigations 
in H ungary as well as for th e  co-ordination of work scheduled by the Academ y 
on the different geographical institu tions. At the tim e of its foundation 
the  Geographical Research Institu te  was divided into th ree  sections: one for 
physiographical, one for economico-geographical investigations and one for 
bibliography and docum entation.
In the  first year following the foundation  of the G eographical R esearch 
In s titu te  (GRI) the Physiographical Section had a staff of four to six research 
workers who started  to  investigate various subjects according to their ind i­
vidual in terests mainly in  the sphere of geomorphology, b u t in close re la tion­
ship w ith  palaeogeography and hydrogeology. As for th e  territories investi­
gated, th e  first research them es embraced th e  Hungarian section of the D anube 
Valley, th e  region of th e  Mezőföld and  the surroundings of B udapest. The 
subjects and their trea tm en t were determ ined by the stage of developm ent 
of physiography ten years ago, by th e  approach to th e  problems and by 
the  m ethods applied a t th a t  time. A ppropriate m ethods of investigation 
were available mainly for studying th e  morphology of terraces, loesses, 
running sands and karsts and, in general, the history of developm ent of 
drainage (B. Bulla, .1. Cholnoky, L. K ádár, A. Kéz, S. Láng, L. Lóczy, 
F. Schafarzik, E. Scherf, .1. Siimeghy). These methods perm itted  us to  s ta rt 
field observations as early  as the sum m er of 1952.
No sam pling methods were used in  geomorphological investigations ten 
years ago. W e relied m ostly  on field surveys, on the exam ination of exposures, 
on the  measurem ent of morphological levels and on com parative studies. 
Papers on research m ethodology were scarce (Kéz 1935, 1942), yet the  dialec- 
tico-m aterialistic approach to geomorphology in H ungary  was of g reat 
assistance to  us when s ta rtin g  our w ork.
Some of us were helped through the  in itial difficulties by  the experience 
gained in  the  course of th e  geological m apping of th e  plains of H ungary  
during th e  previous years. We began our investigations in the field w ith 
prim itive instrum ents, w ith o u t any organized professional guidance. D uring 
the first one year and a half we simply acquainted ourselves w ith the te rrito ry  
to be stud ied  and with th e  respective lite ra tu re  (1952— 1953).
During the  first five years (1952— 1956), even though using trad itional 
m ethods, we obtained considerable p ractical experience in  the  course of our 
geomorphological field research by carry ing  out surveys and observations 
in m uch greater detail. T he results th u s obtained confirm ed and com pleted 
our earlier observations. In  addition, som e new statem ents were form ulated. 
The opportun ity  of frequen t consultations w ith the leading representatives
/
of the collaborating in s titu te s  and the cognate sciences prom oted our job. 
Therefore we are p articu la rly  indebted to professors and scientific research 
workers B. Bulla, F. H ajósy , L. K ádár, B. J .  Kakas, A. Kéz, M. Kretzoi,
S. Láng, I. M iháltz, P. S tefanov its , J . Sümeghy, F. Szentes for their Valuable 
help.
Experience gained b y  our field work was analysed and developed in th e  
course of frequent in terna l discussions. D uring these years it  became clear 
th a t  the form er research m ethods were no longer adequate for detailed geo- 
morphological investigations. To achieve new and well-established results, 
we had to rely on th e  analysis of the  sam pled m aterial, to  carry  out borings /
and to gather and analyse d a ta  from bore-holes m ade for o ther purposes.
The workers of th e  G BI were th e  first to use new m ethods in  geomorphological 
investigation in H ungary : furtherm ore, having recognized th e  great possibili­
ties of collective work, th e  G R I was the first to  organize a team  of research 
workers (geographers, geologists, hydrogeologists, bo tan ists, climatologists, 
soil scientists) whose collaboration resulted in  compiling, in  a relatively 
short time, th e  big m onograph The Physical Aspect o f Budapest (Pécsi, Marosi,
Szilárd 1958). This filled a large  gap in our geographic lite ra tu re . I t  was thus 
proved th a t all obstacles can b e  removed th rough  collective and  well organized 
work.
W hen characterizing th e  f irs t five years of work in general, we have to  
mention th a t, in  addition  to  field work, we regularly stud ied  the foreign, 
chiefly Soviet, geographical lite ra tu re . A lthough in m ost cases we could consult 
only selections from  th e  Soviet literature, these still gave us useful guidance 
in m atters of principle and m ethodology and in  the application of scientific 
methods of dialectical m ateria lism  in our science.
The counterrevolution of 1956 and the  confusion of ideas provoked by 
i t  hindered, for a few m onths, th e  growing ac tiv ity  of th e  Physiographical 
Section. However, life and w ork  were norm alized w ithin a relatively short 
tim e.
In 1957 the  m onographic tre a tm e n t of the m aterial collected during earlier 
field investigations m ade considerable progress and this m arked the begin­
ning of the second phase (1957— 1961) of the  ten  years’ ac tiv ity  of the section.
This period was characterized b y  th e  sum m ing up  of results of investigations 
and by the  com pilation of synthetizing m onographs such as Pécsi (1958a)
Physical Aspect o f Budapest; Ádám, Marosi and Szilárd (1959) Physical 
Geography o f the Mezőfőid; Pécsi (1959a) Formation and Morphology o f  
the Danube Valley in  H ungary; Pécsi and Sárfalvi (1960) Geography of H u n ­
gary; Somogyi (1960) Evolution of the Drainage System o f Hungary; Pécsi 
(1961e) Influence of the Quaternary Corrosive Processes on Morphological 
Evolution and on Sedimentation in  Hungary (all in H ungarian).
1. Members of the  Physiographical Section generally investigated geo­
morphological subjects, and for other branches of physiography collabora­
tion  with specialists of o ther institu tions was necessary a t  the  beginning.
L ater it became evident th a t ,  in order to carry  on, complex physiographical 
studies in perfect agreem ent w ith  the various branches had to be com­
pleted by specialists skilled in  th e  geography of soils, phytogeography and 
hydrogeography. In  add ition , we started  a postgraduate training of the
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research workers mainly in geomorphology to enable them  to investigate  
the  geography of soils, th e  clim ate and hydrography. W e hope, therefore, 
th a t in the  fu ture all chapters of the  m onographs m ay be w ritten  b y  th e  
members of the  Institu te , themselves, inclose  collaboration with all branches 
of geography.
2. In  the  course of field investigations and particu larly  when compiling 
the  monographs it was found impossible to  confirm or com plete th e  results 
of the earlier investigations and to ob tain  new reliable ones w ithout ex ten d ­
ing the scope of the geomorphological research methods. In H ungary  the  
research workers of the Physiographical Section took im portant steps in 
developing the  methods of geomorphological research (Pécsi and Pécsi- 
Donáth 1959, 1960; Pécsi 1959aj.
3. In  the  course of research and com pilation work im portan t changes 
took place in our approach to  the analysis of the surface relief, too. H eated  
debates w ithin the Section on questions of a ttitu d e  considerably pushed 
schematical formalism in geomorphology in to  the background. This will have 
an  effect particularly  on subsequent studies. Schem atism  was gradually over­
come not only in the classification of forms and their historical subdivision 
by  ages, b u t also in the in terp re ta tion  of th e  processes modelling the surface 
of the  earth. This is chiefly th e  result of th e  application of new analytic m ethods 
and of the  new outlook based upon clim atical morphology which, besides 
fluvial erosion and deflation, takes more and more widely into account the  
processes of solifluction, the  redeposition of the m aterial on slopes by  g rav i­
ta tio n  in general, and the role of soil form ation.
4. Our opinion concerning the objective of geomorphological investigations 
has also undergone im portan t changes. The relief as a whole, th e  h isto ry  
of its developm ent, individual features and  formations yielded by physical 
processes are no longer evaluated for th e ir own sake, bu t ra ther on account 
of practical considerations. These changes were prom oted by the recurring 
practical demands and by th e  criticism, to  which the schem atic geomorpholog­
ical views were repeatedly subjected.
Nevertheless, little  has been done so far in geomorphological investigations 
towards satisfying practical demands and  even less in establishing basic 
principles and methods. Requirem ents have gradually become more com plex, 
b u t no appropriate examples of satisfying them  are available either in H ungary  
or abroad. However, we have started  to  m ake efforts to  solve this problem . 
O ur first step  was an a ttem p t to undertake geomorphological m apping 
on the basis of the  similarly practical endeavours of Soviet, Polish and French  
geographers. However this necessitates th a t  Hungarian economic geographers 
and planning organs should raise concrete problems as we cannot con ten t 
ourselves w ith  mere generalities.
5. Collective work was proved to be necessary also in physiographical 
research and helped the publication of several synthetizing m onographs 
of great im portance w ithin a relatively sh o rt time.
The activ ity  of the Physiographical Section of the Geographical R esearch 
In s titu te  during the past ten  years will now be briefly described.
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C H A PTER  1
OBSERVATIONS MADE IN  STUDYING T H E  ROLE 
O F FLUVIAL EROSION AND ACCUMULATION
The process of erosion has been most often and most thoroughly studied by 
our team . W hen our field work was started, investigations in  H ungary were 
influenced by th e  recently developed theory and m ethod of clim atic geo­
morphology (Bulla 1954a, 19546, 1954c). Am ong the external forces shaping 
the surface of the  earth , stress was laid on the role of fluvial erosion and of accu­
m ulation, these being the m ost thoroughly investigated processes. In this 
respect, we could largely rely upon the fru itfu l activity  of our predecessors.
a) Investigations o f Terraces
In  this field we could rely on several decades of scientific research. We first 
studied terrace-morphological questions of the Danube Valley. A fter confirm­
ing and completing earlier observations we could derive new inform ation 
which helped to  am plify the  achievements of earlier terrace-m orphological 
investigations (Pécsi 1953, 1954, 1956c).
It has been found that in the Danube Valley synchronous terraces belong­
ing to  the  same phase lie at d ifferent levels, and  th a t terrace portions of the 
sam e height do not belong to th e  same terrace horizon along th e  whole length 
of the  river. The num ber of terraces and th e ir relative height can show 
rem arkable differences in the tectonically different sections of the Danube 
Valley (Pécsi 1956c, 19576, 1959a). We have: 1. flood plain valley sections 
w ithou t terraces, 2. alluvial fan sections w ith four or five terraces on the edge 
of plains, 3. valley sections w ith  six or seven terraces in th e  highlands (Figs 
1, 2, 3). In  the course of our geomorphological research work in  the  Danube 
Valley we have draw n its detailed  terrace-morphological m ap (Pécsi 1956c, 
1959a). C ontrary to  the clim atic factor previously stressed in  our geomor­
phological lite ra tu re , we em phasized and proved the im p o rtan t role of the 
tectonic factor (Pécsi 1956a—c). Bulla (19566) relying partly  on these data  called 
a tten tio n  to the  fact th a t th e  promoting effect of climatic changes on the 
form ation of terraced valleys is manifest only in  the  relatively rising portions 
of th e  earth  crust thus adding new aspects to  the  study of th e  la tter. W ith 
perm anently  sinking lowlands, irrespective of th e  climatic effect, accretion 
is characteristic during the period of sinking. The form ation of the terraces 
of th e  Danube proved to belong to  an earlier period th an  was previously 
believed. According to Pécsi (19566, c, 1959a), the oldest terrace  of the 
D anube might have been formed a t the end of the upper Pliocene (Table I). 
According to Ádám  (19596) and Góczán (1960a), th e  oldest d rift of the Danube 
in  H ungary dates from the beginning of the Pleistocene.
In  th e  B udapest reach of tb e  Danube, th e  terrace horizon no. II, i.e. the 
urban  horizon previously believed to date from  the L ast G laciation, was
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T a b l e  I 13
Terraces of the H ungarian section of the D anube 
(according to  M. Pécsi)
D esignation T im e of fo rm a tio n H e ig h t  in  m  above D a n u b e  level
o f tb e  te rra c e s G y ő r D una.
a lm ás
Visegrádi B u d a p e s t
Flood plain late  Holocene 3 3 — 3
Terrace No I early  Holocene and la te  Holocene 5 5 6 6
T errace No I la W ürm  end 10 10 14 10
Terrace No 116 beginning of Würm* 20 27 26 20
Terrace No III m iddle Pleistocene (Riss) 30 47 80 30
Terrace No IV early  Pleistocene (Mindéi) 45 78 140 53
Terrace No V low er Pleistocene (Giinz) — 120 200
Terrace No VI end of Pliocene, beginning of 
Pleistocene (Danube phase) — 170 230
Terrace No VII upper Pliocene — 120 275.
* young Riss in  term s of BiideTs division of Pleistocene
divided by Góczán (1955) and Marosi (1955) into tw o horizons (terraces 
I l/a  and Il/b). These tw o horizons were also recognized in  th e  highland and  the 
Kisalföld (L ittle Plain) reaches of th e  D anube (Pécsi 1956c).The older Danube 
terraces near B udapest and on th e  border of the  L ittle  Plain, were proved 
not to  be transien t ones, b u t terraces of alluvial fans (Pécsi 1956c, Pécsi, 
Pécsi-Donáth 1960) (Figs 4, 5).
Summing up our experiences gained during the  del ailed exam ination of 
terraces, we have developed new gap-filling m ethods of investigation based 
upon the combined analysis of the m ateria l collected and on broad comparisons 
(Pécsi 1959a, Pécsi, Pécsi— Donáth 1960).
b) Study o f the A lluvial Fans
Beside studying the  h istory  of the  developm ent of th e  talus fans of several 
small rivers, we have characterized in detail the alluvial fans of the  D anube 
in the  L ittle  P lain (Pécsi 1959a) and in the D anube—Tisza M id-Region 
(Bulla 1951, 1953, Pécsi 19606, 1960c, 19626), the  alluvial fan of th e  R ába 
(Somogyi 1961), several larger ones of th e  Mezőföld (Adám, Marosi and Szilárd
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F i g . 2. Danube terraces south of D unaalm ás (Photo E. Vajda)
T he flood  p la in  in  th e  fo reg ro u n d  is follow ed b y  te r ra c e s  (nos I, I l /a , I l /b , I I I ,  IV , V and  VI) h a v in g  h e ig h ts  of 
12, 20, 40, 70, 110 a n d  160 n i. T he w ide te rra c e  V a n d  th e  te rrace  VI a rc  co v e re d  w ith  th ic k  t r a v e r t in e
F i g . 3. The Danube Bend a t Visegrád, seen from Prédikálószék. The Börzsöny M ountains 
in the background (Photo E. Vajda)
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1959) and of th e  T ransdanubian  Hill Region (Ádám, Góczán, Marosi, Somogyi 
and  Szilárd 1962). Beside explaining their developm ent, we have also defined 
th e  geographical position of the  aquifers included in the alluvial fans and
Fig. 4. Alluvial fan terraces of the D anube a t the border of th e  G reat Plain, according to Pécsi 
(1958).
I — H olocene flood p la in  h o riz o n s , I I /a  — te r ra c e  from  th e  end  o f la te  P le istocene  (W ), I I /b  — te rrace  from  the  
b e g in n in g  of la te  P le is to c e n e  (W ), III — m id d le  P leistocene te r ra c e  (R ), IV  — ea rlie r  P le istocene  te rrace  (M), 
V — low er P leistocene a l lu v ia l  te rrace  (G — p re -G ), IV —V — th e  m a te r ia l  of te r ra c e  IV  la id  on  te rra c e  V, 
B p  — th e  inner d is tr ic ts  o f B u d ap e st
analysed the m ateria l of the sedim ents forming them . The results of these 
investigations have  some practical value, too. We have estim ated the  
quantities of bu ild ing m aterials available and published th e  profiles which 
can be utilized in  planning work.
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Fig. 5. Position of the alluvial fans of the D anube in  the Little Plain, according to  Pécs
1 — O utliers  o f a n  o ld e r a lluv ia l fan  te r ra c e , 2 — re c o n s tru c te d  b o u n d a ry  lines of an  o ld e r a llu v ia l fan , 3 — m o re  
rec e n t a llu v ia l fan , 4 — b o u n d a ry  lines o f th e  m ore recen t a l lu v ia l  fan , 5 — H olocene a llu v ia l fan  o f R áb a -R ép ee , 
•3 — b lock m o u n ta in s , 7 — bo rd ers  of th e  lo w er-sea ted  te r ra c e s  of G yőr— K om árom
c) Flood P lains of Rivers
The m em bers of theSection studied, on several occasions, th e  laws governing 
the com position and the developm ent of th e  flood plains of rivers. In the course 
of detailed research work in the Danube Valley, Szilárd (1955), Marosi (1955) 
and Góczán (1955) made a distinction betw een a higher early  Holocene flood 
plain horizon and a lower la te  Holocene one in the flood plain of the  lowland 
Danube Valley (Fig. 6). The deep-seated flood plain horizons — dam m ed 
wide pans and  cut-off m eanders — could be  inundated several times a year; 
they  are flooded between th e  dams even today . On the o ther hand, the  higher 
flood plain horizons were inundated , before the regulation of the  river, only 
a t  times of th e  highest floods. Fine flood silts and calcareous silts were deposit­
ed in bo th  th e  lower and th e  higher flood p lain  horizons as described by Szilárd 
(1955) and Marosi (1955). The higher flood plain horizons are covered w ith  
calcareous, loess-like, silty  sedim ents often very  similar to  th e  infusion loess. 
On the in itia tiv e  of Miháltz (1950, 1953) we could reliably prove th e  com pletely 
fluvial origin of these form ations in the course of field surveys m ade w ith  him. 
W hen studying  flood plain horizons and th e  deposits covering them , additional 
da ta  were obtained, suggesting th a t, in th e  wide, alluvial-fan-like flood plains 
sedim ents h ad  accum ulated no t only by  superposition, b u t also by  ju x ta ­
position (Pécsi 19576, 1959a). By investigating a num ber of cross-sections 
from  flood plains and terraces we came to  the general conclusion th a t the
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F i g . 6. Position of flood plain horizons in the Great Plain reaches of the Danube, according to  
J . Szilárd
I / a  — L ow -seated  flood  p la in , i /b  — h ig h  flood  p la in
depositing ac tiv ity  of th e  D anube had taken place during the Holocene and 
even earlier, w ith in  the range between the deepest po int of the river bed and 
the highest level of the  culm inating flood. This m eans th a t the coarsest 
sediments are deposited in th e  deepest region of the river bed, i.e. along 
the  mean cu rren t line, while the  mud of th e  floods constitutes the finest 
sediments. According to this, in the Holocene th e  Danube was able to deposit
o
s
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0 10 20 k m
F i g . 7. S tructure of the flood plain deposits of the D anube, according to  Pécsi 
a  — Cross-section o f  th e  v a lle y  so le , b — lo n g itu d in a l sec tion  o f th e  v a lle y  so le; 1 — bedrock, 2 — g ra v e lly  
sedim ents, th e  f in e r  th e  m o re  u p w a rd s , 3 — flu v ia ti le  san d s , 4 — flu v ia ti le  s a n d y  s ilt, s ilt, occasionally  c la y , 
5 — loess, 6 — b lo w n  s a n d ; F  — flood  p la in , I f  — lo w -sea ted  flood p la in , h f  — h igh -sea ted  flood p la in  
H w L  — h ig h e st w a te r  level, M w L  — m e an  w a te r  level, 0 — 0 leve l
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Fig. 8. Principal types of the flood plain horizons along the m ain channel of th e  Danube 
in  th e  G reat Plain according to Pécsi and K árpáti
a  — M ain  ch a n n e l w ith  a lm o s t s y m m e tr ic a l banks , b — flood p la in  ty p e  d issec ted  b y  a  seco n d a ry  ch a n n e l, c — 
flood  p la in  horizons of an  e x te n d in g  m ean d er, d  — flo o d  p la in  horizons of th e  D an u b e  a t  th e  la n d in g  p lace  a t  
K alocsa; I I  — d w arf ru sh es  ( N a n o cyperon), I I I  — reed s  (Scirpeto  p h ra g m ite tu m ) , X  — w illow  s h ru b  (S a li-  
ce tum  tr iandriae )  a long th e  r iv e r  b a n k , X I — w illo w -p o p la r g rove (Sa lice tu m  albae-fra g ilis ) , X Iö  — w illow- 
p o p la r  g ro v e  (Saliceturn albae-fra g ilis )  — agrostidetosurn  sub-assoc iation , X Ic  — w illow -pop lar g ro v e  — s u b ­
asso c ia tio n  of Caricetosum a cu tifo rm is , X II  — e lm -ash -o ak  g rove (Q uerceto-U lm etum  h u n g a r ic u m ),  X l la  — 
e lm ash -o ak  g rove — ty p ic a l su b -asso c ia tio n  (norm al), X IIc  — elm -ash-oak  g ro v e  — lily -o f- th e -v a lle y  su b -a sso c ia ­
tio n  ( C onvaU arietosum ), X l le  — e lm -ash -oak  g ro v e  (Q uerceto U lm etum  hun g a ricu m )  R u b o su m  caesii facies; 
H iv l — h ig h e s t w a te r  level, M w l  — m e an  w a te r  lev e l, O — zero level
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about 15 to 20 m  thick sedim ents. As a resu lt of the horizontal changes 
of the river bed, a layer of sedim ents of such a thickness m ay be reckoned 
w ith, w ithout assum ing the sinking of the area (Pécsi 1959a, Fig. 7).
On the youngest alluvial fans of the D anube, th e  deposits of the  higher 
flood plain horizon m ay date  either from the  la te  Holocene or from the early 
Holocene or, on th e  margins, even from the la te  Pleistocene, depending on the 
size of the flood p lain  area tu rn ed  over affected b y  more recent changes in the 
bed of the D anube. W ehave stud ied  the ra te  of accretionof floodplain horizons, 
dead channels and  tribu taries situated  w ith in  the dams, and correlated 
them  with p lan t oecologies (Pécsi 1959a, K á rp á ti, Pécsi 1959). A botanist, 
K árpáti, helped us in  this work. The process of th e  accretion of flood plain 
horizons and of dead  channels was compared w ith  the  effect produced by 
agriculture during  several centuries (Fig. 8).
d) Erosional R avines and Gullies
An im portan t sub ject of our detailed areal research work was the  investi­
gation of the w ork of soil erosion, th e  ravines and gullies frequently  occurring 
in  the hill countries of H ungary. I t  has been proved from m any points of view 
th a t  the intensive grooving of th e  slopes and thus the destruction of the soil 
are promoted b y  th e  ravines and gullies caused b y  erosion. The ra te  and trend 
of their developm ent in re la tion  to  relief, th e  vegetation and quality 
of the rock w ere evaluated b y  Góczán, Marosi and Szilárd (1954) also from 
a methodological po in t of view. Ravines and gullies are caused chiefly by 
linear erosion. On th e  o ther hand  erosional valleys and dells of complex 
origin are resu lts of slumps, slope-slides and sheet wash following the  incisions 
by  linear erosion (Pécsi 1955a, 1961e, Ádám , Marosi, Szilárd 1959). The 
evolution of these  erosional valleys of com plex origin could be evidenced 
b y  numerous exam ples taken  from  the D anube Valley (Pécsi), and from the 
Mezőföld and th e  T ransdanubian  Hill C ountry  (Adám, Marosi, Szilárd). 
The dells of our hill regions, in  th e  form ation of which linear erosion no longer 
plays an im p o rtan t role, was proved to be a very  frequent valley type to 
be discussed la te r  (see Section 4/b).
e) Mechanism o f Fluvial Erosion
In H ungary studies concerning the m echanism  of fluvial erosion have 
remarkable trad itio n s. Cholnoky’s theory on th e  stream  course characters 
represents pioneer work even in  the  in ternational lite ra tu re  (1926a, 19266, 
1934). Later on, essays by Bulla (1936, 1941, 19566) and Kéz (1934, 1935, 
1942), dealing w ith  changes in  th e  character of th e  stream  course under the 
influence of clim atic changes, represented a new developm ent in th e  theoretical 
research of erosion. The investigations of th e  hydrogeologist, J . Bogárdi, 
concerning erosive processes in th e  river bed, th e  forms of river beds and the 
transport of bed load are a fundam ental source for geomorphologists (1955, 
1958). K ádár (1955— 1960) has developed new theories w ith an aim  of defining 
th e  processes of fluvial erosion and accum ulation more exactly. These theories 
are useful in  th e  in te rp re ta tio n  of forms occurring in the  river bed. Never­
theless, like other H ungarian physiographers, we cannot approve of th e  
theory  of K ádár according to  which th e  terraced  valleys are formed m erely 
as a consequence of the m eandering of th e  river, in the course of the  au to ­
dynam ism  of erosion, i.e. w ithout the  influence of any tectonic or clim atic 
factor. The physiographic research workers of the GR1 natu ra lly  also took  
p art in the  discussion of K ád ár’s theories. H ere we have to  m ention the  com ­
m ents of Pécsi (1959a), Bulla, Somogyi and Marosi on the  new in terp re ta tion  
of th e  fluvial erosion and the  stream  course characters published by K ád ár
(1960a).
More exact investigations on the clim atic and  tectonic prerequisites of fluvial 
erosion and accum ulation and an increasing am ount of th e  necessary d a ta  
helped Somogyi (1960) to  outline a synthesis of the evolution of our river 
drainage, which is much more detailed th a n  any of the preceding a ttem p ts. 
He strived  to follow the more persistent changes of the river m echanism  accord­
ing to  the  rhythm  in the  morphological developm ent of H ungary since th e  
la te  Tertiary , explored by Bulla (19546, 1956a).
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CHAPTER 2
INVESTIGATION O F T H E  PROCESS AND FORMS OF DEFLATION
a) Formation and Morphology of Blown-Sand Areas
As a consequence of th e  teaching of L. LóczySen. (1913, 1918) and espe­
cially of J . Cliolnoky (1902, 1910, 1937, 1940) the role of the wind, i.e. def­
lation was exaggerated. A desert clim ate was supposed to  have prevailed at th e  
end of the Pliocene and the considerable denudation  of th e  Pannonian su r­
face, particularly  in T ransdanubia, the  cu tting  out of longitudinal valleys 
and the origin of a num ber of o ther forms were ascribed to  the activity  of the  
wind. Subsequent investigations (Szádeczky-Kardoss 1938, Hulla 1941, 
Kéz 1937, Süm eghy 1939, 1951) proved th e  desert-deflation theo ry  of 
Lóczy and Cholnoky to  be faulty. The pillars of Lóczy’s and Cholnoky’s 
desert-deflation theory  fell down. I t  was undoubted ly  correct to refute the  
theory according to  w hich desert clim ate prevailed a t th e  end of the Pliocene 
and the theory  of surface-shaping deflation, b u t the reaction to them , u n d er­
rating the surface-m odelling role of deflation in  H ungary, was similarly exag­
gerated. This explains w hy th e  atten tion  of m ost physiographers was riveted  
on the exam ination of fluvial erosion and w hy the destructive forms and th e  
accum ulated deposits were considered to be m ostly of a fluviatile origin. 
Finally, this a ttitu d e  led to  such extrem e views as e.g. th a t  of K ádár who 
explained the  accretion of lowlands, the  form ation of th e  characteristic lines 
of the river drainage and  terraces sim ply by  the  surface-modelling effect 
of erosion and rejected  th e  theories a ttrib u tin g  a certain  role also to the 
crustal m ovem ents or to  th e  clim atic changes. We can say now th a t th e  
endless debates on th is topic have certain ly  diverted th e  research w orkers’ 
atten tion  from  the  s tu d y  of the surface-m odelling role of other ex ternal 
agents.
However, in  recent years, thanks to  th e  results of our research, the  various 
forces shaping the surface of the earth  have been assessed more and m ore 
according to th e ir real im portance, and th e ir  functions have been exam ined 
by  considering their to ta l effect.
I t  has been proved during our investigations th a t m any phenomena and 
forms ascribed by Cholnoky to  desert deflation a t the end of the Pliocene were 
in  fact due to  it, y e t deflation cannot be lim ited to th e  end of the Pliocene; 
it should ra th e r be re la ted  to  the  deflation of th e  cold-dry clim ate of glaciation. 
The angular gravels w hich can be found in  m any places on the surface of our 
Pleistocene terraces and  alluvial fans show an intensive activ ity  of deflation 
under periglacial clim ate (Pécsi 1959er, 1961e). Accordingly, we m ust, by  all 
means, reckon w ith  th e  modelling effects of llie periglacial deflation in the  
plains, hill countries and  highlands of H ungary.
20
O ur blown-sand areas have also proved to  be considerably younger. The 
now existing blown-sand features are particu larly  young: L a te  Pleistocene 
and Holocene (Bulla 1960, 1953, 1951, M arosi 1953, 1955, 1958). We have 
to emphasize th e  recently recognized fact th a t  the great m ajo rity  of features 
occurring in our blown-sand areas are due to  the  work of th e  wind moulding 
I be sand m aterial of the alluvial cones and of the terrace surfaces. However,
Fig. 9. “Slope loess” with veinlets of gravelly d e t­
ritus and solifluctional clay lum ps. Pilisvörösvár 
fault trough, brickyard near B udapest. In  certain  
s tra ta  the m aterial exposed is so detritic as to  
be taken for loessy-slope debris. Some pockets are 
loess-like, finely stratified and in tercalated  by gravel 
and stone pieces and th in  horizons of detritus
th e  bulk of blown sand has no t been tran sp o rted  to longer distances either 
in the  area of the  K iskunság (Bulla 1951, Süm eghy 1951, Marosi 1955, 1958, 
Szilárd 1955, Pécsi 19576, 1959a, 19606, 1960d) or in S ou thern  Mezőföld 
(Marosi 1953) or in  the  area of Inner Somogy (Marosi 1958 ,1960,1962a). K ád ár 
(19566) and Borsy (1961) agree w ith B ulla (1953) and M arosi (1955, 1958) 
concerning this question.
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The form ation of blow n-sand features has already been studied by Cholnoky 
(1902) who recognized th e  regularities of sand m ovem ent. He described 
the wind-blown furrows, th e  mounds and  the  residual ridges characteristic 
of our areas covered b y  half-bound sands. Cholnoky’s in terp re ta tion  of sand 
m ovem ent was im proved by  K ádár (1935,1938, 1954a, 19566) who described 
the  L ybian ty p e  dunes (1935), the parabolic dunes (1938, 1954a) and the  
m arginal dunes (19566) as new H ungarian  sand features.
The slightly undu lated , half-bound blown-sand areas, appropriately nam ed 
by Bulla (1951, 1953) sheet sands, are very  extensive. M arosi (1958) described 
the  so-called longitudinal blown-out dune as a new form  of accum ulation
Fig. 10. Stratified slope loess slightly affected by cryoturba- 
tion, solifluction and (pluvionivation) exposed 
in the brickyard at Zalalövő
of the half-bound sands, substitu ting  i t  for K ádár’s L yb ian  dune who believed 
th a t no unbound sand forms occur in  th e  H ungarian sand  areas (1956a, 
1957) and, a t the  sam e tim e, he found a genetic re lationship  between th e  
form ation of wind-blown furrows, m ounds, longitudinal blown-out dunes and  
sheet sands (Marosi 1958).
b) Investigation of Loesses and Loess Morphology in  Hungary
H ungarian  loess research can rely on a well established basis. In  his earlier 
studies, Bulla (1933, 1934, 1936, 1937—38) expounded bis views concerning 
the form ation, com position and forms of loesses to be found in the C arpath ian  
Basin. For his studies he used the d a ta  of the in ternational lite ra tu re  and  the
F i g . 11. Bedded slope loess loam affected by 
pluvionivation and solifluction. Observable on the 
slope as well as u nder tb e  sole of th e  wide 
derasion valley (dell, vattáé en berceau) filled 
up th ick ly  w ith this fo rm ation
m apping of the plains. These data served as a basis for fu rther ana ly tic  work 
results of his own investigations; he ranged the H ungarian  loesses in to  the 
category of those form ed from subaerial dusts during th e  cold-dry glaciations. 
He accomplished the chronologic subdivision of loesses by  using the  chronology 
of the river terraces and  the fossil soils.
In  recent years studies on the m orphology and genesis of loesses h av e  com­
pleted and modified th e  results of earlier investigations in m any respects.
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M any data were collected, especially in the course of the detailed  geological 
(Sümeghy, M iháltz, K ádár, Bulla, Kriván, M ihályi, Lányi). In  the course 
of our studies we have published more and  m ore data  ascertaining th a t 
Hungarian loesses are no t of eolian origin. An ever-increasing num ber of loess 
varieties could be proved  to be products of fluvial (Miháltz 1950, 1953, Marosi 
1955, Szilárd 1955, K ád ár 19546, 1960a) or of eluvial and deluvial processes 
(Pécsi 1961c, 1961e). In  the course of heated debates, even w ith in  our Section, 
as to the origin of certain  loess varieties, it  becam e clear th a t  loess of eolian 
origin occurs, in its  original em placem ent, only in  sm aller areas. A ttention has 
been called to  sand  layers, frequently  in tercalated  in the loesses, by the in­
vestigators of th e  Mezőföld (Ádám , Marosi, Szilárd) who consider them  to be 
chiefly of fluviatile origin.
W e have observed during th e  last two years th a t hillside loesses, loess­
like sediments, sandy  loesses and sands showing a fine stratifica tion  parallel 
to  the  slope cover large areas. I t  has been ascertained th a t th e  redeposition 
of these form ations is due p a rtly  to pluvionivational and p a rtly  to solifluc- 
tional movement proceeding along the slope, for th e  most p a rt, still under the 
influence of periglacial processes (Pécsi l961e, 1962a, f). We could separate, in 
th is  way, hillside loesses of d ifferent composition spread on a regional scale in 
H ungary (Figs 9, 10, 11). In  recen t years the detailed  exam ination of loesses 
has likewise p erm itted  us to un d ertak e  the regional mapping of fluvial loess 
silts lying at th e  flood plain level or a few m etres higher and occupying 
v a s t territories in  LIungary. The loess-like rocks of fluvial origin could be sub­
divided into Holocene and Pleistocene loessy silts (Marosi 1955, Pécsi 1961d, e). 
W e attached th e  ty p e  of th e  sandy loess m an tle  covering th e  sand dunes 
of our blown-sand areas in a thickness of 1—2 m  to  the category of the dry 
superficial loesses; however, a fte r studying the  exposures they  were correlated 
w ith  the process of soil form ation (K ádár 19606, Pécsi 1961c), in  accordance 
w ith  Berg’s theory . On the basis of the results of the  investigations carried 
o u t so far, we w ere th e  first to  m ake an a ttem p t to  represent th e  H ungarian 
loesses and loess-like form ations of different h ab itu s  and genesis in the form 
of a map (Fig. 12).
The microfeatures of the H ungarian  loess reliefs, their distribution and 
genesis have been d ea lt w ith by  Á dám , Marosi, and  Szilárd (1959), when inves­
tigating  the loesses of the Mezőföld and the  T ransdanubian  Hill Country. 
Á dám  (1954), analysed  in detail th e  loess valleys of the Mezőföld, the genesis 
of which he ascribed, first of all, to  the karsting  of loess, a lthough he took 
slum p and slope w ash also in to  account. Szilárd drew  atten tion  to  the dialectic 
relationships betw een the  areal erosion and derasion processes and the pro­
cesses of linear erosion. He has proved th a t th e  transform ation  of flat initial 
valley  sections in to  narrow er and deeper ones is due to  the qu an tita tiv e  changes 
of th e  erosive action  under th e  influence of an increase in the am ount of w ater 
and  in the slope angle, tu rn ing , beyond a ce rta in  limit, in to  qualita tive 
changes. Marosi stud ied  th e  erosional ravines and gullies of the loess 
surfaces, the laws of th e ir  developm ent and the destruction  of soils and grounds 
caused by Holocene shower w aters. The experience of these authors proves 
th a t  such forms have  m ostly  developed during th e  Holocene period. The loess- 
morphological studies of the  m em bers of the Section have yielded numerous
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J'ig . 12. Spread of loesses and loess-like sediments in  H ungary, according to  Pécsi
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F i g . 13. Wide, erosion-derasion valley on loess p latform . Mezőföld (Photo E. Vajda)
F i g . 14. Loess valley  intersected by  Z-shaped breaks. Loess platform  of the Mezőföld
d a ta  for the classification of the H ungarian loess varieties, for the in terp re­
ta tio n  of their genesis and th e  characterization of their form wealth (Figs 
13, 14).
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CHAPTER 3
CHRONOLOGICAL PROBLEM S O F T H E  QUA TERN ARY
The chronology of the  Pleistocene- deposits is one of the  most im p o rtan t 
theoretical questions of the research into th e  Q uaternary  in  H ungary as well 
as abroad. In  th e  Pleistocene periglacial areas the subdivision is generally 
based upon th e  stra tig rap h y  of th e  loess and terrace sedim ents, com pleted 
b y  speleological and archaeological investigations. H ungarian  m orphologists, 
as well as th e  m em bers of th e  Section, based the chronological subdivision 
of the Pleistocene on th e  parallel s tra tig rap h y  of loesses and terraces. B u lla ’s 
relevant earlier studies have served, in th is connection too, as a basis.
The H ungarian  loess chronology is based chiefly on th e  num ber of fossil 
soil layers p resen t in the  loess, following th e  principle th a t  the buried soils 
are remnants of th e  w arm er and  more hum id forestial clim ate of the  in te r­
glacial and in ters tad ia l periods, while the  loess sequences in question represent 
an  evidence of the  dry-cold steppe clim ate of the glaciations (Bulla 1937—38). 
According to  th is, all th e  loam  zones found in  any exposure of loess would 
represent either interglacials or in terstad ials. This m ethod of chronological 
subdivision has been and is still dom inating the m orphological lite ra tu re  
in  such a way th a t  the  above-m entioned fossil soil zones have been fitted  
in to  the corresponding scale of Penck—Soergel’s Pleistocene chronology and 
then  into th a t of M ilankovié— Bacsák. B ulla adopted this theory  when he 
gave first (1933) th e  chronological order of th e  series exposed at Paks (Figs 
15, 16). According to  this, the  Paks loess wall represents th e  whole Pliocene 
series of H ungary. Adam , Marosi and Szilárd (1959) who had  subjected th e  
Paks exposure to  a detailed analysis obtained sim ilar results. However, 
while subdividing the  loess series, Adam  took into consideration as a new 
po in t of view also th e  sand layers, which he regarded as fluvial deposits 
“ lying horizontally” and dissecting the loess. He presumed th e  sand horizons 
to  be, in principle, an evidence of periods of erosion, i.e. rem nants of in te r­
glacial-inters tad ial clim atic types. I t  is by  all means righ t to  consider th e  
interm ediary sand horizons in  the  division of loesses b u t A dám  only accom ­
plished the chronological identification of a single, bu t m ost im portan t, sand 
sequence.
The chronological division of th e  loess exposure of the Paks brickworks was 
discussed in g rea tes t detail b y  P . K riván  (1955). He largely contributed 
to  the chronological division of th e  Paks loess wall by  developing a new 
approach based on the succession of loess pockets which had  been deposited 
on dry land surface. H e only p a rtly  took in to  consideration the fossil soil 
horizons present in  th e  exposure. The process of soil form ation was held 
by  him for posterior changes ra th e r th an  for diagenesis.
According to  K riván , the loess exposure a t  Paks would include an alm ost 
com plete series of th e  Mindéi Riss and W ürm  glaciations, and he considered
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F i g . 15. Most im portant loess exposure of Hungary:
1 — p o o rly  deve loped  soil, h u m u s  c a rb o n a te  soil w ith  m olehills, 2 — soils o f che rnozem  n a tu re ,  3 — b row n  fo res t so ils o f che rnozem  d y n a m ism , 4 — brow n fo re s t  so ils (B raunerde), 5 — c la y e y  b row n fo re s t  
soil (P arabraunerde), 6 —  re d  so ils , re d  c lays , 7 — u n s tra tif ie d  loesses, ty p ic a l a n d  s a n d y  loesses (aeolian loesses), 8 — s tra t i f ie d  h ills ide loess a n d  loam  (affec ted  b y  so lifluction  and  p lu v io n iv a t io n ; d e lu v iu m ), 
9 — s tra t if ie d  sand , locssy  san d , 10 — m oleh ills , an im a l tra ck s , 11 — boggy  soil, 12 — lim e  s to n e  concre tion  — lo a m y  loess, 14 — s t r a t a  a ffe c te d  b y  h u m a n  a c t iv i ty ,  a rtif ic ia l ac c re tio n , 15 1— fossisliferous 
lo c a lity ;
P ak s  b rick y ard : 
M ende b ric k y a rd : 
B asah a rc  b rick y ard : 
N agym aros: 
K ap o sv á r b ric k y a rd : 
K erecsend :
S u lim a n  b r ic k y a rd :
F O S S IL  FIN D IN G S
Coelodonlalis, a n liqu ita tis  E q u u s sp. (W ürm  ty p e ), E lep h as  sp ., C ervus sp ., Bos o r B ison sp ., R a n g ife r  ta randus, Leo speleus  (d e te rm in a tio n  b y  D r. M. K retzoi)
E q u u s  sp . (W ü rm  ty p e ), E lephas sp . (d e te rm in a tio n  b y  D r. M r. K etzo i)
(a f te r  M. M ottl) M a m m u th u s  p r im ig en iu s , C ervus elaphus, M egalocerus giganteus, Leo speleus, R u p ica p ra  rup icapra , O ch lo n a  sp ., A lar  m o t a  prim igen iu s, Coelodonta an tiqu ila lis  
M a m m u th u s  p r im ig en iu s, B iso n  priscus, Cervus e laphus, R a n g ife r  ta ra n d u s , A le es dices, Coelodonta an liqu ita tis  
C oelodonta an liq u ita lis  
C oelodonta an tiq u ita tis
M ic ro tu s  gregalis (345 specim ens), S a la m an d ra  sp . (1 specim en), R a n a  tem poraria (a b u n d an t) , R a n a  arvalis  (3 specim ens), Lacerla v ir id is  (3 specim ens), C o tu rn ix  co tu rn ix  (2 sp ec i­
m en s), S o rex  a raneus  (4 specim ens), T a lp a  europaia  (1 specim en), C ite llu s  c ite llus  (14 specim ens), S isc ita  betu lina  (9 specim ens) (The fossils a r e  d a te d  by  D r. M. K re tz o i to  th e  W ü rm )
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this exposure to be the most suitable for th e  solution of Q uaternary  s tra ti­
graphic problems of Central Europe, regarding it  as a type section. Although 
he emphasized th a t his investigations did n o t aim at substan tia ting  Milan- 
kovic—Bacsák’s or anyone else’s absolute chronology and th a t he only compared 
the  palaeoclimatologic changes of beds w ith it, his division has still not proved 
to be independent of the afore-mentioned scheme. While trea ting  th e  succession 
in  th e  sedim entation of the loess wall and in  the  series of events involved, 
he did not take into account the loess pockets accum ulated on the  slope by
Fig. 16. Loess exposure a t Paks. The longitudinal section shows the longitudinal 
axis of a buried dell. The buried soils dip tow ards the wall in a flat arc and are 
intercalated by thick-bedded slope loesses
solifluction, the formation of blind creeks and their re-filling. In addition, 
he did not reconstruct the  climatic conditions corresponding to  the types 
of fossil soils in the exposure and did not pay th em  proper a tten tio n  in establish­
ing his chronological division. Nevertheless, he deserves credit for having 
thoroughly analysed the lithology of the  exposure and for having perform ed 
its evaluation.
N aturally , the  chronological subdivision of our loesses highly depends 
on how m any “ in te r” -epochs are included in  th e  last glaciation, and in each 
particu lar glaciation. In  H ungary the last glaciation is generally split in to  
th ree periods by two interstadials. However, th e  data available a t present, 
the num ber of which has rapidly increased in recent years, have proved the  
presence of more th an  two, in fact of four or five, fossil soil zones w ithin loesses 
dating  from the last glaciation (Pécsi 1961e, 19626). D ata to the  above s ta te ­
m ent have been furnished by the loess exposures of Basaharc and  Nagymaros
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having four to five loam  zones overlying the  second flood-free terrace , as 
well as by  exposures w here, in the beds underlying th e  th ird  to fifth  fossil 
soil zones, a fauna d a tin g  from W ürm  glaciation has been found (Fig. 15). 
Among the  buried soils elating from th e  las t glaciation, beside brown forest 
soil, also soil types of chernozem charac te r and chernozem brown forest 
soils could recently b e  evidenced in  a num ber of places. Moreover, also
red soil horizons occur. In  addition th ere  also 
appears a ligh t chestnut-brow n, cloddy fossil soil 
of chernozem  character containing m any mole 
hills, b u t few clay m inerals. The typology of this 
soil and th e  clim atic conditions of its form ation are 
not y e t clarified. These soil types, them selves, 
testify  to  th e  periodic change of four to  five 
different types of clim ate during the las t glaci­
ation. The Pleistocene clim ate types of C entral 
Europe w ere recently characterized in deta il by 
Bulla (1960) and Somogyi (1961, 19626), too.
However, since more th a n  two buried  soil 
horizons can be detected w ithin the W ürm  G laci­
ation, th e  clim atic types favouring soil fo rm ation  
recur several times and it  will probably be  pos­
sible to  in te rp re t them  as “ m icrointerstadials” 
in the last glaciation clim ateof Hungary. N ever­
theless, i t  m ay  also be presum ed that, for instance , 
the  above characterized d ry  steppe-type soil and 
the hum us carbonate soils might also have 
been form ed in loess under one of the drier and 
colder periglacial climates (cf. the soil types 
developed under the  colder and drier clim ate 
of Mongolia and Siberia).
In the  course of a renewed study of th e  m ost 
im portan t loess outcrops in Hungary (Fig. 15) 
we have found, in addition the  unbedded loess 
and the  fossil soil sequences claiming for v a ri­
ous clim ates, th e  stratified  loess horizons exhib­
iting p a tte rn s  of pluvionivation and solifluction 
as well as th e  phenom ena of cryoturbation  to  be 
suitable for th e  subdivision of loesses (Fig. 17) 
Besides this, we also considered th e  re lation of the  loess sequence to  th e  
terraces and the  possible faunistic and  archaeologic findings. All these 
together m ay serve as a basis for the  chronological division of the H ungarian  
loesses. W hen evaluating  the  loess profiles already studied in this respect, 
it should be stated  th a t ,  in Hungary, th e  presence of pre-W ürm  loess s tra ta  
can be suggested only fo r the  exposures of th e  Paks and  K aposvár brickw orks
(Fig. 15).
Our terrace-m orphological observations have provided d ata  on the chrono­
logy of the Q u a te rn ary  which have shown, like those furnished b y  th e  
studies on loesses, th a t  the  older alluvial fan terraces a t Pestlőrinc and
77 !
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F i g . 17. Generalized section of 
the sloping stra ta  between tw o 
buried soil zones 
1— F ossil chernozem  soil o r ch e rn o z em  
b row n fo re s t soil, 2 — fin e ly  b e d d e d  
slope loess redep o sited  b y  p lu v io n i­
v a tio n ; in th e  u p p e r p a r t  th e  c ra c k s  
a re  filled  w ith  lim e  o r fossil soil, 
3 — slope loess s lig h tly  a ffe c te d  b y  
c ry o tu rb a tio n  a n d  red ep o s ite d  b y  
so lifluc tion : sm all ice w edges p e n e ­
t r a te  from  th e  lo w e r p a r t  of th e  la y e r  
in to  th e  u n d e rly in g  loess, 4 — u n s t r a ­
tified  loess p a c k e t, 5 — b u r ie d  fo ssil 
soil w ith  f ro s t p h e n o m e ra
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R ákoskeresztúr, ranked previously as the upper Pliocene, are younger and 
belong to the Pleistocene (Pécsi 1956c, 1958a). An im portant aid to determ ine 
th e  age of our oldest Pleistocene terraces was th e  detailed investigation of 
cryoturbation  and th e  analysis of the  roundness of gravels. The inform ation 
obtained in this w ay has perm itted us to ascertain  th a t the lower boundary  of 
the H ungarian Pleistocene m ust be draw n long before the Giinz glaciation as 
th e  form ation of its  terrace VI above the flood plain of the D anube and the  
D ráva, and in certain  Austrian reaches its te rrace  VII too, as well as the depo­
sition of the m aterial of the alluvial fans of th e  Kem eneshát and Parndorf can 
be dated  from th e  beginning of th e  Pleistocene, i.e. from Giinz — pre-Giinz g la­
ciations (Pécsi 1959a, 1960d, Somogyi 1960). The gravels occurring in the Mór 
fault trough (Ádám  1959a, 19595) and those in Biliege (Góczán 1960a) have 
sim ilarly  proved to  date from the early Pleistocene. Our studies on te r ­
race morphology have helped to  collect regionally new d a ta  for drawing 
th e  boundary betw een the Pliocene and th e  Pleistocene. These d a ta  support 
and complete the  relevant investigation of Szádeczky-Kardoss, Bulla, Siime- 
ghy and Kretzói. The lower boundary  of th e  Pleistocene — on the  borders 
of basins — can be drawn in the sequence of commonly coarser-grained sandy 
gravels overlying w ith unconform ity the  sandy  fluvio-lacustrine deposits 
of the  upper Pliocene.
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CHAPTER 4
T H E  ROLE OF D E R A SIO N 1 IN T H E  M ODELLING 
O F T H E  EA R TH 'S  SURFACE
a) Slope Deposits Affected by Gelisolifluction and Pluvionivation1 2
In  exposures situated  on  th e  slopes bordering the  H ungarian  hill landscapes 
and m ountains, w idespread deposits w ith  a bedding parallel to  the slope could 
be recognized (Pécsi 1961c, e). Fine bedding roughly corresponding to  the 
angle of the  slope could be detected no t only in slope loesses and loam y sedi­
m ents, b u t also in  rock  m ixtures of various partic le sizes, consisting of clay,
F i g . 18. Slope accum ulation by rhythm ical solifluction (Kerecsend)
L ayers 5 a n d  6 r e p re s e n t alluv ia l fo rm a tio n s  d a tin g  fro m  th e  end  of Riss 
a n d  from  R iss— W ü rm  in te rg la c ia l (w ith  Coelondonta a n tiq u ita tis )  ; th e ir  upper 
horizon w as d e p o s ite d  b y  p lu v io n iv a tio n . L a te r , in  th e  m o re  ra in y  Riss—• 
W ürm  in te rg la c ia l  pe riod , th e  L askó  B ro o k  c u t  a  w ide a n d  r a th e r  deep  valley  
in to  th e  a llu v ia l fan . A d rie r , cold p e r io d  o f R iss—W ü rm  fo rm e d  a  re d  clayey 
soil (first p h a s e  o f  soil fo rm ation ) w h ich , d u r in g  th e  e a rlie r  W ü rm  glaciation, 
w as re d e p o s ite d  o n  th e  slope b y  so lif lu c tio n . L ay er 4 a s su m ed  i t s  p resen t 
position  in  t h a t  t im e ; in  a w arm er p e rio d , a n im a l bu rro w s  (kro to v in a )  form ed 
in i t  and  in  th e  u n d e r ly in g  layer. L a te r  on , sm all d ess ica tion  fis su res  and  frost 
c lefts a p p e a re d  o n  th e  surface. The b ro w n ish -red  la y e r  3 w as deposited  by  
so lifluction  in  «a s u b se q u e n t h um id -co ld  p h a se . A gain, in  a  d rie r , cold period, 
p ro b ab ly  d u r in g  W ü rm  G lac ia tion  s. s tr . ,  th e  a re a l so lifluc tion  deve loped  into 
a  s tr ip e d , g ro o v e d  so lifluc tion  process w h ic h  b ro u g h t ab o u t sh eaf-lik e  deepen- 
ings in  th e  re d -b ro w n  c layey -sandy  loam . A g ra d u a l red ep o s itio n  o f rock  m ateria l 
b y  a rea l so lif lu c tio n , in  tu rn ,  re su lted  in  th e  fo rm a tio n  of th e  s a n d y -lim y  loam  
2. O n th is  h o r iz o n , a new  soil w as se t (second p h ase  of so il fo rm a tio n )  — the  
b row n fo re s t s o il 1 — w h ich  deve loped  in to  chernozem  d u r in g  a tra n sitio n  in to  
a d ry -co ld , f r o s ty  c lim a te . In  one of th e  s til l  co lder d ry  p e rio d s  of th e  end of 
W ürm , t in y  p e c t in a te  w edges of 0.4 to  0 .5  m  d ia m e te  i (F )  m a d e  th e ir  ap p ear­
ance in  th e  c h e rn o z e m ; M  — fro st v e in le ts  f illed  w ith  lim e , K  — m olehills
1 Derasion is understood to  mean the common effect of gelisolifluction, cryoturbation, 
pluvionivation, cryofraction and gravitational movem ents under periglacial conditions.
2 Pluvionivation is used to  denote the degradation of slopes by snow melt and sheet w ater 
under periglacial conditions.
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loam, loess, loess-like sedim ent, sand, shale, gravel and loam y rock debris. 
I t is characteristic of the position of these sedim ents th a t th ey  cover the slopes 
as a m antle in  th e  foreland of our hill and m ountainous regions, adjusting 
themselves to  th e  present relief and following its configuration. Sedim ents
m .a .s . l
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F i g . 19. Accumulation of slope sediments by solifJuction and pluvioni- 
vation. Brickworks a t Zalalövő
T he cross-section  rev ea ls  som e sm all b u ried  dells. T h e  sm alle r  dells a re  f illed  w ith  th in -b e d ­
ded , re d -b ro w n  soil (a). T h e  la rger, m idd le  de ll is  f illed  w ith  th in -b ed d ed , b row nish-yellow  
loess-like lo am  (3). F rom  th e  r ig h t side of th e  ex p o su re , th re e  fossil, p seu d o g le y  soil zones (2) 
p roceed to w ard s  th e  m idd le  dell w here  th e y  u n ite  in  one  fossil soil u n d e rla in  b y  a  th in  layer 
of so lifluc tion  g ravels . Below  th e  la t te r  lies an  am o rp h o u s  bed  of fossil so il m a te r ia l, also 
red ep o s ited  b y  so lifluc tion  (b). T he w hole sec tion  is  c rossed  b y  a so liflu c tio n a l g rav e l bed  10 
to  50 cm  th ic k , m ix ed  w ith  c lay  (4), rep re se n tin g  one w in g  of a  fo rm er dell. T h e  th in -b ed d ed , 
loess-like, s a n d y  c lay  (5) is u n d erla in  b y  th e  low er W ü rm  te rra c e  g ravels  Il/fe, of th e  Zala 
R iver (6). I — tru n c a te d  sec tion  of th e  c layey  b row n  fo re s t so il; 1 — brow nish-yellow , loess-like 
loam  of l i a r d ly  v is ib le  s tra t if ic a tio n ; th e  loam  is in te rsp e rse d  w ith  q u a r tz  g ra in s  redeposited  
from  a  h ig h e r te rra c e  ho rizo n ; a )  1 — m ore  rec e n t, p a r t ia l ly  filled dell w h ic h  is now  incised 
b y  rav in es  a n d  gullies, c — th in  lay ers  (several cm  th ick ) rh y th m ic a lly  re d e p o s i te d  from  
fossil soils, d  — th in  s a n d y  c lay , sand  and  loam  la y e rs  defo rm ed  also b y  f ro s t, w ith  a  steep  
d ip  a t  th e  face o f th e  te rra c e
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F i g . 20. Dell füled w ith am orphous solifluction m aterial. (Eger, brickyard in Noszvaji 
Street)
1 _  O ligocene c lay ; I — O ligoceae  c la y  a ffec ted  b y  so lif lu c tio n  an d  fro s t d e fo rm a tio n , II  — sand , sh a le  debris, 
g ra v e l of local o rig in , re m n an ts  o f  a n  e ro s iv e  period , I I I  — fin e ly  s tra tif ie d , la m in a te d  so lifluction  c lay  a n d  f in e ­
g ra ined  s a n d y  c lay , once s u b je c te d  to  f ro s t  defo rm atio n , IV  — filling  m a te ria l o f th e  dell; a —  d a rk  red -b ro w n , 
oam y , am o rp h o u s  m a te r ia l d e r iv in g  fro m  a  c lay ey  b ro w n  fo res t soil redep o sited  b y  so lifluction , b th in  bed , 
(several cm  th ick ) of red -b row n , fo ss il so il lum ps'; V — r u s ty  b row n, lo am y  soil [lessívé), VI — so lifluc tion  loam  
red ep o s ited  a f te r  a fu r th e r  dell w a s  fo rm e d , V II — h o rizon  B o f red -b row n, fossil (le ss iv é )  clayey  fo rest soil. A fter 
th e  dell w as filled , a su rface in v e rs io n  to o k  p lace
F i g . 2 i. Type of sedim ent accum ulation by rhythm ical solifluction. (Brickyard in 
Noszvaji S treet, Eger)
T h e 'th in  a l te rn a t in g  v a rv e s  o f c la y , s a n d y  c lay  a n d  c la y e y  san d , v isib le in  th e  lo w er half of th e  p ic tu re  
(1), follow  th e  p re s e n t-d a y  d ip  of th e  su rface. T he su rface  of th is  p ec u lia r  B ä n d e r  ton-like  (v a rv ed  
clay-like) m a te r ia l, a c c u m u la te d  b y  la m in a r  so lifluc tion , w as degraded  b y  s u b se q u e n t erosion w h ich  is 
ev idenced  b y  th e  p resen ce  o f g ra v e ls  an d  g rits  on  th e  su rface  of th e  s e d im e n ts  (2). T hen  a f te r  an  
ero sive  d isco rd an cy , th e re  fo llow ed  a  series of b ro w n  lo am  several m e tre s  th ic k  redeposited  in  an  
am orphous s ta te  b y  so lif lu c tio n  fro m  th e  horizon  ” B ”  o f th e  c lay ey  b row n fo re s t  soil (3).
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of this ty p e  can also be observed in filled-up dells. Since sediments of extrem ely 
varied granulom etric composition and w ith  a bedding parallel to th e  slope 
show a dip of 1,5—30°, and since th e ir thickness even reaches 20 m, their 
origin cannot be explained by fluvial or eolian accum ulation. The form ation 
of sedim ents stratified parallel to the slope was a ttrib u ted  by  Pécsi, in  th e  case
F i g . 22. Slope loess in  th e  filling m aterial of ancient dells.
(Brickworks of Tolnanémedi)
A )  K  — Dells issu ing  u p o n  th e  p re sen t d a y  so le  of th e  K apos R iv e r; o n  th e ir  b asem en t th e r e  a re  
1—2 b u r ie d  chernozem  so il ho rizons  w ith  N eo lith ic  f ind ings, k  — w ell d isce rn ib le  traces of a n c ie n t, 
b u rie d  dells, B )  a  — d en se ly  b ed d e d  (0.5 to  1 cm  th ic k  bands) fin e  s a n d  a n d  s ilt frac tio n  w ith  m in u te  
u n d u la tin g  curls, b — s lig h t ly  b ed d e d , n ea rly  h o r iz o n ta l loess-like ro ck  in te r ru p te d  b y  sands , c — slope 
loess w ith  a  scarce ly  v is ib le  b ed d in g  an d  a  v e ry  s te e p  d ip ; l  — slope loess seem in g ly  u nbedded
of clayey-loam y rocks, to  solifluction proceeding along th e  slope, while in th a t 
of loessy and sandy rocks, to  the redeposition of sedim ents by pluvionivation. 
He emphasized th a t, under climates of th e  periglacial type, slopes were formed 
principally by solifluction, pluvionivation and g rav ita tional m ovem ents (see 
Pécsi 19616, c, e and 1962f) (Figs 18— 30). In the  dry-cold clim ate of the 
periglacial periods, gelisolifluction caused by regelation, th e  denudation by 
pluvionivation of slopes proceeding on perm anently  or periodically frozen 
soils and deflation resulted  in: 1. The removing of the  rock m aterial, m ak­
ing thus the  steeper portions of m ountain  and hill m ore gently  sloping; 2. The
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accum ulation valleys of large masses of sedim ents at the base of the slopes 
and  at the b o ttom  of valleys. Slopes had been covered by a m antle of deposits 
generally th ickening downwards owing to derasion (Pécsi 1961 e, 1962f).
U nder the influence of periglacial slope processes, a considerable part of the  
soils formed in the  preglacial and the interglacials was redeposited bysolifluc- 
tio n  and p luvionivation in the m eantim e m ixing w ith rough m ineral m aterial, 
slope loess, loam and  sand. Such stratified  slope deposits affected by derasion
Fig. 23. Position of slope loesses and loose sediments in relation to fluvial terraces 
T h e  d a rk  arrow s in d ic a te  th e  f lu v ia l tr a n s p o r ta t io n  of sed im en ts , th e  lig h t ones th e  d e ras iv e  t ra n sp o r ta tio n . O f  — 
P le istocene  fluv ia tile  s e d im e n ts , Q f -f- Qs — a l te rn a t in g  f lu v ia ti le  a n d  so lifluetion  sed im en ts  accu m u la ted  d u r in g  
th e  P leistocene, Qs -f- k  — a c c u m u la tio n  o f se d im e n ts  b y  so lif lu e tio n  an d  p lu v io n iv a tio n  d u r in g  th e  P le isto ­
cen e , ^T g -se co n d  a n d  th i r d  flood-safe te r ra c e s  w ith  o v e rly in g  slope sed im en ts , D  — dell, P  — P an n o n ia n  la y e rs
contain, in places, m any fossil soil particles and alternate on the slopes w ith 
loess and buried soil layers. This bedrock was th e  source of the  soil form ation 
of the  Holocene epoch in the  hill regions of H ungary. This peculiarity  of our 
slope sediments creates very advantageous conditions for agricultural produc­
tion  since the superim posed buried  soils and th e  redeposited sedim ents mixed 
w ith  the hum us m ateria l of form er soils m ay also have im p o rtan t nu tritive  
properties. This s tru c tu re  of th e  slope deposits makes the  erosion of soils 
slower; bu t even if soil erosion destroys th e  present fertile soil, the buried 
soils and the slope sedim ents m ixed w ith fossil soil clods (semipedolites) will 
continue to p rovide a certain fe rtility  (Figs 2 i ,  31—33).
The results of our investigations suggest th a t  th e  whole te rrito ry  of H ungary 
belonged to th e  realm  of the  periglacial clim atic morphology. Consequently, 
th e  modelling of th e  surface during  the glaciations considerably differed 
from  the norm al fluvial erosion of the preglacial times and of the  interglacial
periods. W hereas, under the influence of the clim atic processes characteristic 
of the tem perate  zone, valley form ation was predom inant, during th e  gaciations 
the  morphological processes of the sem iarid periglacial clim ate caused areal 
denudation, over-all slope wash, the form ation of slope deposits and the 
accretion of the valleys. Norm al erosion lost its p rim ary im portance in  model­
ling, and freezing as well as the movem ent of sedim ent along the slope on frozen
Pig. 24. Banded, farrowed, cloddy red clay soil on gentle slope ( Streifenboden)  of a dera- 
sion hillock protruding from the Tolna Ridge (Belecska Village)
The base  o f th e  exposure is P an n o n b an  clay  (1) o v e rla in  b y  red  c lay  1 to  2 m  th ick , c o n ta in in g  lim estone  
nodu les (2); th e  banded , fu rrow ed , c lo d d y  soil (s tr ia ted  s i i l ) ;  2Ja) fo rm ed  w ith in  th is  la y e r  in te rsec te d  by  
sa n d  v e in le ts  (3). T he su rface is co v e re d  w ith  blow n sa n d s  (4)
ground, as a consequence of the  common effect of regelation and gravitational 
m ovem ents, became principal agents; deflation and the  accum ulating activity  
of the wind played periodically and in places an equally im portan t p a r t in the 
modelling of the surface and in sedim entation.
A lthough the periglacial processes recurring in a num ber of subsequent 
phases did not com pletely change th e  character of the  landscape shaped 
by  norm al erosion, th ey  still considerably altered it. The erosive valleys, 
owing to  derasion, becam e wide and flat, and dell form ation took the  place 
of linear valley cutting. Hill regions w ith  loose soil were transform ed into 
derasional rolling landscapes (Pécsi 1961e).
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F i g . 25. “ Desiccation (cooling) cracks” filled w ith lime. (Exposed in  the brickyard a t  
Kerecs end)
T h e  u p p e r  p a r ts  of th e  c a lc a re o u s  “ fro s t v e in le ts ”  2 to  5 cm  th ick , p e n e tra t in g  the  lo a m  (1) red ep o s ited  b y  
so lifluc tion  to  a d e p th  o f 2 to  3  m  h av e  su ffe re d  a  p o s te r io r  d islocation  in  th e  d ire c tio n  of th e  slope (2). T he 
su rface  is covered  w ith  a b la c k , d a rk -g rev  lo a m y  soil. This fossil b row n  fo res t soil has assu m ed  a  chernozem  
d y n a m ism  (3). T he “ f ro s t  v e in le ts ” s ta r t  from  i t s  lo w er horizon . W h ere  th e  s lope  is s tee p e r, th e  u p p e r  p a r ts  of 
th e  “ fro s t v e in le ts” a re  b e n t  sq u a re ly , so m etim es to  a  n e a rly  h o riz o n ta l p o s itio n
F ig . 26. Pannonian clay  redeposited by lam inar solifluction, w ith fossil loam y soil at 
the base of th e  slope (Rakaca Valley)
T he u n d u la tin g  la y e r s  o f th e  c lay  a n d  of th e  lo a m y  soil sev era l cm  th ic k  h a v e  b ee n  fo lded  p ro b a b ly  
b y  po ste rio r c ry o tu rb a t io n ,  fro s t sw elling
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F i g . 27. Sediments accum ulated by pluvionivation on gentle slope w ith angles of 1.5 to 3° 
(Somogy Hill Region)
I h e  th in -sh e e ts  of sand , s i l t  an d  c lay  d ip  s lig h tly  to w ard s  the  floor of th e  v alley , w ith o u t a n y  w edge. They 
a re  p a r t ly  c rv o tu rb a te d . T h e  superposed  sh ee ts  sev era l m m  o r cm  th ic k , m a in ly  consisting  o f f in e  sa n d  frac ­
tio n , h a v e  a  B ändert on -like  s tru c tu re
Fig. 28. Stratified, coarse-grained periglacial slope debris w ith  coarse slightly rounded 
granite pebbles and chiefly granite gravels; the stratification  corresponding to 
the slope forms bed planes w ithout wedges, in which fine and coarse grained 
packets alternate (Velence Mountains)
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Figs 29—30. A m inor U-sliaped dell formed in the slope loesses overlying terrace II/b of 
th e  Zagyva River. I t  is filled w ith layers of thin, arched black soil and of calcareous 
products of w eathering, m ediated by  a lam inar solifluction or pluvionivation. They 
have assumed a fossil chernozem character
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F i g . 31. Dell filled w ith  a dark  brown fossil soil. Derasive surface inversion, the 
ancient dell being now a hilltop (Eger, brickyard in N oszvaji Street)
1 — D ell-filling m a te ria l m a in ly  redeposiled , s t r a t i f ie d  clayey  fo re s t soil, 2 — th in -b e d d e d  so li­
f lu c tio n  loam  and  clay, 3 — O ligocene clay
F i g . 32. Dell formed in several phases and filled up by various kinds of slope pro­
cesses. (From  the quarry  of the brickyard a t  Szombathely)
T h e  dell fo rm ed  in  U p p e r P a n n o n ia n  b row n loam s a n d  affec ted  b y  so lifluc tion  is ly in g  m a in ly  on 
sa n d s  an d  th in  clays. A t th e  sole of th e  dell th e re  is a th in , c rescen t-shaped  bed 0.3 m  th ic k  o f c layey  
g ra v e l a n d  gravel, overla in  b y  s tra t if ie d  g rey ish -b row n  solifluction  loam s on  w h ich  a p seudog ley  soil has 
been  fo rm ed . Then tw o  m o re  sequences of g rav e ls , loam s fossil so il a re  f in a lly  covered  b y  a  fossil 
so il c o n ta in in g  v e ry  nice c lay  po lygons
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Fig. 33. W ürm ian dell covered w ith  thick slope loesses and filled w ith  cherno­
zem soil (1) redeposited by pluvionivation and solifluction. In  the slope, loess cover, 
two additional fossil chernozem soils have developed (2, 3). In  the sands underlying 
th e  dell specimens of Coelodonta antiquitatis were found (marked x)
It) Dells1
W e could d istinguish  the following two types of derasional surface denu­
d atio n  and sedim ent accum ulation: 1. the deepening of dells and th e ir accretion; 
2. over-all u n ip lanar denudation of slopes and accretion at the  base of the  
slopes and at th e  b o tto m  of th e  valleys, The processes taking place in dells 
represent a tran s itio n  between th e  linear valley  forming processes and the  
periglacial pluvionivation-solifluction processes denuding the slope in one 
plane.
The detailed analysis and the typology of dells having been extended to the 
whole of H ungary (Pécsi :1955a, 1961e, Á dám , Marosi and Szilárd 1959, 
Székely 1961, P e ja  1958) have shown th a t derasional, ju st like erosional, valleys 
are not associated w ith  single rock types. Thus dells are not rock-morphological 
b u t rather clim atic-m orphological phenomena. Dells can be found on granite, 
dolom ite, T ertiary  lim estone, clay, igneous rocks, slope loesses of various 
types as well as on typ ical loess, loam, sand and  even on gravel sheets and 
terraces (Pécsi 1961c). They occur most frequently  on slopes, h u t can also be
1 Longer or shorter, w ide valleys w ith  dish-like cross-section as well as long and narrow 
half-cylindrical d ry  valleys where no traces of linear erosion are visible are called typical 
dells (derasional valleys) (Figs 34—38);
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found on residual terraces and near relatively deeper valleys on plains lying 
som ewhat higher.
In  a considerable p a r t of the H ungarian  hill countries (in counties of Tolna, 
B aranya, Somogy, Vas, Zala, in th e  area of the Bársonyos and th e  N orthern 
Basin range, in the Mezőföld and on the gravel sheet of th e  Trans-R ába
F i g . 34. Slope modelled by dells. (W estern border of tbc Tolna Ridge, w ith  the 
valley of the Kapos R iver in the foreground)
T h e  s tep p e d  w e s te rn  s lopes  of th e  Tolna R id g e  m a d e  up of U p p e r P a n n o n ia n  clays, san d s  a n d  u p p e r 
P liocene sands a re  co v e re d  w ith  slope loess, lo e ssy  sand  and  w ith  loose so lifluc tional a n d  s lu m p  sed i­
m e n ts . The levels m a rk e d  an d  N a p r e s e n t  th e  f ir s t  an d  th e  second  deras io n  ho rizo n s  ab o v e  th e  
K apos V alley. T h ey  a r e  d issec ted  b y  f la t d e lls  100 to  300 m  b ro ad , so t h a t  th e  ho rizons  d ip  a lm ost 
ev e ry w h ere  to w ard s  e i th e r  th e  m ain  v a l le y  o r  th e  dell. The sp u rs  a re  s til l su b je c te d  to  a  consp ic­
uous soil erosion, w h ile  th e  accum ula tion  in  th e  dells is in s ig n if ica n t. T h e  ex p o su res  in  th e  cross- 
sec tion  of the  sp u rs  (b ric k y a rd s  a t  T o ln an ém ed i an d  K eszőh idegk iit, e tc .) show  th a t  th e  dells h ave  
m oved  from  place to  p la ce , th e  fo rm er v a l le y s  being  now  co m p le te ly  filled  up , th e  f a c t  to  deno te  
th e  ridges — sp u rs  — w e re  accu m u la ted  b y  derasion
Region), dells together w ith  the erosional-derasional valleys and th e  adjacent 
sloping surfaces m ake up more th a n  a half of the relief. In sm aller areas they 
include the m ajor p a r t of the surface. In such places th e  num ber of the dells 
is a m ultiple of th a t  of the  erosional valleys.
Most dells were no t formed prim arily  by linear erosion. There are certain 
types of erosional-derasional valleys, generally the  larger and longer ones 
which were formed b y  derasive and  erosive forces in ro ta tion  (Adám, Marosi, 
Szilárd, 1959). Certain smaller valley types are now being incised by erosion 
(Ádám  1960, Pécsi 1955a, 1961c, Szilárd 1962).
Fig. 35. Slightly asym m etric, broad, trough-like, longitudinal dell the slope of which 
has been cultivated  in  terraces (Tolna Hill Region)
Fig. 36. Broad dell in the Transdanubian Hill Region (Zselic)
\ '2
F i g . 37. Embryonic derasion niche banging on the lateral slope of a m ajor dell
F i g . 38. Series of “ derasion boxes” form ed on one of the lateral slopes of a m ajor 
dell’s head
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Fig. 39. Slope features of a hanging, derasion twin valley on limestone dolomites, on the slope 
of the Tata—Bicske fa u lt trough, near Szár
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The sizes of the dells chiefly depend on the orographic conditions of the 
relief, especially, w ithin certain  limits, on the relief energy of a relative a ltitude 
over 1 km 2. The gradient curve of the  dell which depends p artly  upon th e  re la­
tive altitude, and partly  upon the change in the quality  of rocks is th e  most 
im portan t feature for us. A common characteristic of th e  gradient curves is 
th a t  a t the  upper wide drainage area of th e  dell they  have a slight angle of dip,
Fig. 40. Longitudinal dell in loam y loess in th e  region of Aszód. Asymm etric slopes; an alluvial 
fan has been formed in the lower issue of the valley
b u t are convex, then a t the  valley head  they become steep, after th a t  a t the  
dell foot they  pass into shorter or longer, slightly concave slopes; these patterns 
of the gradient m ay repeat themselves over the subsequent sections of th e  dell 
(Figs 39—41). The slope patterns of considerable part of th e  dells subjected 
to  agriculture change even a t the presen t time. However, th e  m ajority  of the 
valleys were formed during the la s t glaciation. This is proved by th e  fact 
th a t  the  slopes of the dells are covered w ith  stratified sedim ents often bearing 
the traces of the periglacial freezing effect. The convex slopes of our dells 
have recently been largely denuded b y  tillage, whereas th e  scourways caused 
by heavy rains are being regularly rem oved by ploughing and levelling th e  soil.
Cross-section: 8
Fig. 41. H anging dell in  the  environm ent of the Hévízgyörk railway station. E xcept for the 
valley section C— D, the slopes are sym m etrical
2,
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c) P r in c ip a l T yp es o f  C ryo turba tion
During th e  thirties research workers dealing w ith Q ua te rnary  deposits 
observed some cryoturbational and solifluctional form ations in H ungary  
(Szádeczky-Kardoss 1936, Bulla 1939a, Kerekes 1941). These investigations 
had to  be taken  up again after a pause of nearly two decades, when Pécsi, 
while studying the  terraces of the D anube \  alley, succeeded in typifying the
m
Fig. 42. Slight cryoturbation covered with flood plain silts on the  recen t alluvial fan  of the 
L ittle  Plain
1 — H um ic , s a n d y  flood p la in  s ilt, 2 — calcareous s a n d y  flood  p la in  silt, f in e -g ra in ed  san d  3 — 20 to  30 cm  
th ic k  c ry o tu rb a te d  an d  in te rc a la te d  b y  s i l t  b ands , 4 — s a n d y  g rav e l u n d is tu rb e d  b y  f ro s t  (g ravel p i t ,  B a rá tfö ld  
fa rm , Bécsi s tre e t)
This c ry o tu rb a te d  fo rm  h as  been fo u n d  b y  th e  au th o r  to  b e  a  r e m n a n t of the  s lig h te s t possib le  f ro s t e ffec t in  H u n ­
g a ry . I t  h as  a  s tr ik in g  resem b lance  in  c h a ra c te r  and  size to  th e  c ry o tu rb a tio n  fo rm s in  th e  fo re lan d  o f th e  Saa l- 
p ausä lke s  in  S o u th  F in la n d , fo rm ed  p re su m a b ly  a t  th e  b eg in n in g  of th e  Saa lp a u sa lke  s tag e
m
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Fig. 43. C ryoturbation type of terrace U/b in  th e  gravel quarry of Vac
i  — C hernozem , 2 — rem n an ts  o f a fo rm er b row n  fo re s t  soil, 3 — ca lcareous  ru n n in g  san d , 4 — s to n e  
p av e m e n t, 5 — sm all f ro s t sacks a n d  fro s t w edges fil le d  w ith  san d , s a n d y  s ilt , 2 n d  g en e ra tio n  o f c ry o tu r ­
b a tio n , 6 — g rav e l po lygon , 1.5 to  2 m  long , th e  in n e r co re  co n s is tin g  of s a n d y  s ilt a n d  s a n d y  ca lcareous s i l t  w ith  
sc a t te re d  g rav e l g ra in s, 6/a  — g e n tly  a rc h e d  san d  a n d  g ra v e l la y e rs  affec ted  b y  f ro s t, 7 — gravels  o f te r ra c e  
II/& of th e  D an u b e
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mF i g . 4 4 . Stone polygons produced by frost pressure (gravel quarry, B udapest—Pestlőrinc) 
— S andy  chernozem  soil, 2 — g ra v e lly  s a n d  core m ixed  w ith  re d -b ro w n  fo res t so il c o a te d  w ith  a g ravel m a n tle , 
3 — h igh ly  ca lcareous s a n d , s a n d y  lim e  d u s t  co n ta in in g  sp o rad ic , i r re g u la r  g ravel p o c k e ts , 4 — calcareous lim e  
co n ta in in g  sca tte re d  g ra v e l g ra in s , 5 — p eb b le s  a rc u a te ly  b e d d e d  in  sa n d y  ca lca reo u s  s ilt an d , o u tw ard s , in  
yellow ish-brow n s a n d y  c la y  a n d  lo a m . S to n es  (10 to  15 cm  (J)) fo rm  se p a ra te  b an d s . I t  is ch a ra c te ris tic  of th is  
a rran g e m en t e x h ib itin g  a n  o n io n  s t r u c tu r e  t h a t  th e  gravels, w h ich  a re  fine ly  g ra in ed  in  th e  ce n tre  o f th e  co re  
(3, 4), becom e g ra d u a lly  co a rse r o u tw a rd s . T h e  po lygons in th e  sec tio n  rep re sen t, in  fa c t, th e  inner p a r ts  of som e 
m a jo r stone po lygon
m
Fig. 45. Types of sub­
sequent periglacial soil- 
frost phases in the oldest 
alluvial fan terrace 
south  of Budapest
1 — H o rizo n ta lly  b e d d e d  
g rey ish -yellow  s a n d y  g rav e l,
2 — red -b row n  g rav e l s l ig h tly  
a ffe c te d  b y  c ry o tu rb a tio n ,
3 — yellow  s a n d y  g ra v e l 
b e d d e d  ho rizon ta lly , 4 — re d -  
b ro w n  g ravel w ith  su rface  
d isco rdancies , 5 — gravels  
b e d d e d  in  red -b ro w n  lo am , 
w ith  ice wedges a n d  g rav e l 
sacs, 6 — sm aller g rav e l sacs 
(s to n e  polygons) a n d  ice 
w edges bedded in  sand ; 6a  — 
g ra v e l p av e m en t p ro d u ced  b y  
so lifluc tion ; 7 — rec e n t b low n  
sa n d s ; G — G ünz g rav e l, 
M — M indéi g ravel, m  — 
fin e  lim e  d u s t, h — calcareous 
s a n d  filling  th e  ice w edges
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cryoturbational phenom ena in a way (1959a, 19616, e) w hich even allowed 
certain relative age determ inations. In recent years the members of theS ection  
have collected a larger num ber of new d a ta  in the areas of th e ir research ac tiv ­
ity  (Pécsi, Ádám, Marosi, Szilárd, Góczán, Somogyi). On th e  basis of th e  
results of our former investigations and of the  observations made during  
our study tours both  in H ungary and abroad, we have described a num ber 
of cryoturbational phenom ena which have no t yet been characterized.
m
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Fig. 46. Soil frost phenomena developed in several phases (gravel p it a t G yőr—Sashegypuszta). 
The exposure lies in  the gravels of an  older alluvial fan  of the D anube in the L ittle Plain. 
The following processes can be distinguished:
— old, la rg e  s to n e  polygons, I I  — s m a lle r  po lygons p e n e tra tin g  th e  la rg e  ones, I I I  — g ro u p  of ice w edges, IV  — 
g rav e l la y e r  a ffec ted  b y  so lifluc tion ; 1 —  chernozem  soil, 2 — g ra v e l p av e m en t p ro d u c e d  b y  so lifluc tion , 3 — 
gravels filling  th e  ice w edge, 4 — ca lca reo u s  s an d  an d  s ilt f il lin g  ice sacs (stone p o ly g o n s), 5 — san d  m a te r ia l  
filling  th e  sacs, 6 — te rra c e  g rave ls  d is tu rb e d  b y  fro s t p h en o m e n a . T he s to n e  po lygons o f  g en e ra tio n s  I a n d  I I  a rc  
c o a ted  b y  re d  so il rag s
Studying the  surface of terraces and alluvial fans cryoturbational forms 
dating from four subsequent phases could be differentiated: a) late W ürm  
phenomena, b) early W ürm  and middle W ürm  glaciation pa tte rn ed  grounds,
c) frozen soils from the  Riss glaciation, d)  cryoturbational phenom ena from  
the  (lower) early Pleistocene. Most complex form assemblages are represented 
by those dating from th e  early W ürm, the  middle W ürm  glaciation, and the  
Riss glaciation (Pécsi 19616, 1961e).
The la test forms are m inute sacs, frost wedges and fine foldings, half a m etre  
long a t the m ost (Fig. 42). In  the  second flood-free terraces, situated  above 
the  flood plain, the frost wedges, the irregular gravel sacs, and the  layers 
deformed by  frost pene tra te  two or th ree tim es deeper th an  those m entioned 
above. Here, besides larger forms a younger generation is also to be found 
(Pécsi 19616. Fig. 43).
The cryoturbational phenom ena, apparen t on the surfaces of higher or older 
alluvial fans and gravel sheets, are more extensive and more complex; th ey  m ay 
have been formed in several phases, the syngenetic cryoturbational forms being 
frequent (Figs 44—46). S tru c tu re  ground types occurring m ost frequently  
are the 2—4 m long frost wedges (Figs 47—49), frost sacs, stone rings (Fig. 50),
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Fig. 47—48. Ice wedges of m edium  size filled w ith loam y gravels on 1 lie gravel sheet in  the 
Trans-Rába Region (Vép, gravel quarry)
The g ravel s h e e t w as  p ro b a b ly  d e p o s ite d  as an  a llu v ia l fan  d u rin g  Riss g la c ia tio n  (or d u rin g  th e  R iss — 
W ürm  su b stag e ). F ir s t ,  red  c lays  (Í) fo rm ed  on it ,  th e n  th e  fo rm a tion  of s to n e  po lygons (2) an d  a su b se ­
qu en t fo rm a tio n  of ice w edges (3) w e re  covered  b y  c lay ey  so lifluc tional g rav e ls  (4) in tru d in g  also th e  ice 
wedges. N ext th e  so lif lu c tio n a l lo a m  w as  d eposited  (5) o n  w h ic h  th e  soil (fi) s ta r te d  to  form . P its  e x c a v a te d  in  
th is  surface w ere  used  fo r d w ellin g  (7) in  p reh is to ric  tim es
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Fig. 49. Deformed ice wedges in  the Trans-Rába Region gravel sheet
T he g ravel red ep o s iled  b y  so lifluction  on gen tle  slope w as m ix e d  w ith  sand, c la y  lu m p s  and  clayey  b ro w n  
fo re s t soil. D u rin g  red ep o sitio n  th e  g ra v e l w as coated  w ith  b ro w n  c lay  film  and  c la y  c ru s t  (1). The ice w edges 
(2) w ere  fo rm ed  a f te r  th is  process, a n d  b y  rep ea ted  rege la tions  w e re  deform ed an d  d i la te d  in a  sac fo rm . T h e  
ice w edges h ave  a f illin g  m a te r ia l of s a n d y  g ravels  coated  b y  c lay . T h e  surface consis ts  o f a  c layey , brow n fo re s t 
lo a m y  soil (3)
0 1 Z 3 - 4 mt------------------ ;------1------------------------ 1------------------------ 1------------------------ 1 *
Fig. 50. Stone polygons — stone rings a t Mosonszentjános, on an alluvial fan of the L ittle  
Plain
* — G rassland  clay , fen  clay , 2 — co a rse  g rav e ls  m ark ed ly  a re n a le d  a ro u n d  th e  m a sses  of c lay , 3 — yellow ish  
g rey ish -yellow  s a n d y  c lay
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kettle-shaped gravel polygons (Fig. 51), rem nants of hydrolaccoliths 
(Figs 52, 53), gravel (stone) polygons m easuring 4—5 m in  diam eter (Fig. 54), 
frost veinlets and u n d u la te ly  deformed beds (Figs 55, 57).
3
0 3 6 9 12 m
Fig. 51. Type of cryo turbated  gravel kettles of th e  more recent alluvial fan in th e  L ittle  
Plain. A varian t of the form  rem nants of the stony  tundra (Mosonszentjános)
1 — G rassland  che rnozem , 2 — s il ty  g ra v e l w ith  a c c u m u la tio n  o f lim e, 3 — h o riz o n  “ B ”  of th e  red -b ro w n  fo re s t 
soil, 4 — ca lcareous s il t  w ith  sp o ra d ic  g ra v e l g ra ins fillin g  m a te r ia l  of th e  s to n e  p o ly g o n , 5 — g rav e l m a te r ia l, 
m ixed  w ith  re d -s a n d y  loam , o f th e  p o ly g o n s  u n d erly in g  th e  h o rizo n  “ B ” of th e  b ro w n  fo res t soil, 6 — a rc u a te  
g ravel m an tle  of th e  po lygons, 7 — g re y  g rit- lik e  san d
1
2
3
4
6
0 5 10 15 m
Fig. 52. C ryoturbation ty p e  of alluvial gravels densely interrupted by  sand veinlets (a hydro- 
laccolith form rem nant?). (Hegyeshalom, gravel quarry)
1 — G rassland  che rn o zem  so il, 2 — m a te r ia l  of yellow , s a n d y  clays an d  loessy  s ilts  m ix e d  w ith  g rav e ls  b y  soli- 
fluc tion , 3 — a l te rn a t in g  san d  a n d  g ra v e l beds , 4 — b e d  o f s a n d y  gravels w ith  s u b o rd in a te  sand  lenses p e n e tra te d  
b y  th e  k e t tle  p o ly g o n , 5 — k e t t le - l ik e  f ro s t  fo rm  ( th e rm o k a rs t)  in  w hich  th e  la y e r s  5 to  20 cm  th ic k  o f  san d  
gravel, s an d y  a n d  c la y e y  g ra v e l a re  a r ra n g e d  in  an  a rch e d  su p erp o s itio n . T he m a n tle  of th e  c ry o fo rm  co n sis ts  o 
s i l t  and  lum ps of s a n d y  clay . T h e  se c o n d  b ed  a ffec ted  r e p e a te d ly  b y  slig h t so lif lu c tio n s  a n d  c ry o tu rb a tio n s  w a 
deposited  la te r .
The p atterned  ground of sand surfaces are less varied. These are generally 
sandy-loam y sac soils of diverse types (Fig. 58) (Marosi and Szilárd 1957, 
Marosi 1960, 1962a, S zilárd  1962, Pécsi 19616). The cryoturbational phenom ­
ena of the  fla t and gen tly  sloping clay, sandy clay and  loam  surfaces are 
characterized by  soils furrow ed in  stripes (Fig. 24), frost cracks, frost wedges 
and clay polygons; locally, solifluction causes them  to be  carried down the 
slope and to  be deform ed (Pécsi 19616, Figs 2—5).
The lim estone and dolom ite surfaces of H ungary have also exhibited frost 
wedges and enorm ous sto n y  polygons. In  addition, on granites, dolom ites
5 2
and igneous rocks there  often occur cliffs, towers and buttes of b izarre shape 
produced by frost.
On th e  basis of th e  types and the d istribution of soil frost phenom ena (Fig. 
56) affected by cryoturbation  it can be sta ted  th a t during the glaciations per­
m anently  frozen soils had periodically been formed over large isolated areas 
in H ungary , too. In  certain  periods of the  last glaciation the thaw ing “ season” 
soil m ight have been generally 2 to  3 m, occasionally even 4 to  5 m  thick. 
In order to account for the developm ent of such processes, we m ust presume 
th a t th e  mean annual tem perature of the  coldest periods is likely to  have 
been — 2, —3° C.
The chronological division of the forms of cryoturbation  has been accom­
plished on the basis of their types and form assemblages as well as of their 
com parison with the  fossil soils. Form  types of different ages enable us to 
determ ine the relative ages of certain surface portions or terraces, too.
Fig. 53. Type of flat gravel 
kettles (gravel quarry a t 
Hegyeshalom)
R a th e r  y o u n g  P leistocene a llu v ia l 
fan (R iss g lac ia tion ) a t  th e  D a n u ­
be in  th e  L ittle  P lain , w h e re  a 
m o la r o f E lep h a s  an liq u u s  w as 
found . In  th e  f la t  g ravel k e t t le , 
n u m ero u s  sa n d  a n d  g ravel la y e rs  
show  o n io n  s tru c tu re  d iffe re n t 
from  t h a t  o f a  no rm a l s to n e  p  >ly- 
gon, th e  in n e r  fine -g ra ined  co re  of 
w h ich  is su rro u n d e d  b y  g ravels  
th e  c o a rse r  th e  f a r th e r  from  th e  
centre. Tshi ty p e  can n o t be e x p la in ­
ed  b y  a n y  of th e  s tone  p o lygon  
th eo ries . T h e  la y ers  proceed fro m  
w ith in  th e  g rav e l k e ttle  u n d is tu rb ­
ed . T h is r e m n a n t  m ig h t be a s c r ib ­
ed to  th e  ic e  shee ts  — h y d ro la c ­
co liths, ic e  la cco lith s  — t h a t  w ere  
fo rm ed  a t  n u m ero u s  spo ts  in  th e  
s u b s tra te , a n d  b ro u g h t a b o u t f la t  
e lev a tio n s , tu n d ra  m ounds, like  
th o se  o b se rv a b le  now  in  th e  
so u th e rn  m a rg in a l zone o f th e  
p e rm a fro s t S ib erian  L ow land. B y  
d e g ra d a tio n , th e  frozen  m o u n d s  
g ave  p la ce  to  th e  n eg a tiv e  fo rm s, 
k e t tle - lik e  deepen ings, w h e re  
th a w in g s  a c cu m u la ted  m e lt  w a ­
te rs  th e  ic e  lenses of w hich , w h en  
frozen  a n d  sw ollen, defo rm  th e  
loose s t r a t a .  S ince th e  p e rm a fro s t 
checked  f ro s t  p ressu re  from  a c tin g  
d o w n w a rd s , th e  s tr a ta  m a y  h a v e  
been  c o m p a c te d  to  a  c e r ta in  
e x te n t. B y  re p e a te d  th a w in g s  of 
th e  ic e  len se s, th e  s tr a ta  com ­
p a c te d  w o u ld  decrease in  vo lu m e, 
h ence  th e  f la t  k e t t le  form
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Fig. 54. Barrel-shaped m ajor stone polygons formed under frost pressure (Kemenesliát 
gravel sheet, Ostffyasszonyfa)
E x p o sed  on th e  g e n tly  s lo p in g  sole of th e  dell r u n n in g  to w ard s  th e  p re se n t flood p la in  of th e  R áb a . T he core of 
th e  kettle -sh ap ed  s to n e  p o ly g o n s of .'{ to \  m  in  d ia m e te r  consists  o f  m ed iu m -g ra in ed  san d s  c o a ted  b y  clay  
film . T he d ia m e te r c o r re s p o n d s  to  7/5 o f th e  d e p tli
Fig. 55. Pannonian clay  layer deformed by frost, on gentle slope (Galgahévíz)
E a c h  clayey  la y e r  sh o w s 8 to  .10 ik lo n g  r e g u la r  w aves re a c h in g  1.5 to  3 m  below  th e  su rface . H ere  
th e  folding is d u e  to  c ry o te c to n ic  d is tu rb a n c e s . In  th e  deep er h o riz o n  of th e  exposure, th e  fo ld ing  of th e  
s t r a t a  d isappears
F i g . 56. Principal types of periglacial cryoturbation forms in  Hungary
1 — F ro s t w edge, 2 — sacs (g ravel, san d , loam  a n d  c lay  sacs), .3 — k e ttle -sh ap e d  re g u la r  po lygon  (in g ra v e l, san d ), 4 — subso il a ffe c te d  b y  fro s t, 5 — c ry o tu rb a tio n  in  g en e ra l, 6 — 
tra c e s  o f so lifluction  on slope, 7 — sed im en ts  a c cu m u la ted  b y  so lifluc tion  on slope, 8 — so lifluc tion  deposit in  genera l, 9 — p e rig lac ia l b lock  facies, 10 — perig lac ia l va lley  asy m m etr ie s , 
I I — cry o p lan a tio n  te rra c e s , 12 — p a r ts  of th e  H u n g a rian  C en tra l M ountains, 13 — re m ark ab le  ex p o su res
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F i g . 57. Cryotectonic deformation of s tra ta  (abandoned bauxite quarry  a t Gént) 
T h e  u p p e r fo lded  s tr a tu m  is re p re se n te d  b y  Eocene c la y e y  m arls  3 to  5 in th ick , u n d e rla in  b y  
yellow ish  clays. U n d e r th e  c ry o tu rb a te d  u p p e r  series, h o w ev e r, th e  E ocene beds e x h ib it no rm a l 
bedd ing .
Fig. 58. A type of loamy soil with 
sand sacs (Pilis vörös vár)
O n th e  side o f th e  g e n tly  s lop ing  dell 
th e r e  a re  rem n an ts  o f s p o t ty  tu n d ra  
(F lecke n tu n d ra ). The f in e ly  b ed d e d  sand 
in te rc a la te d  b y  th in  s tr ip e s  of do lom ite  
pebb les  (1) d ips a lm o s t p a ra lle l to  th e  
in c lin a tio n  of th e  su rface . T h e  c ry o tu r-  
h a tio n  fo rm s 80 to  150 cm  deep  a n d  50 to  
80 cm  w ide, resem b ling  rev ersed  beeh ives, 
a re  f illed  w ith  lo am y  b row n  fo re s t soil 
a n d  p e n e tra te  in to  th e  m o th e r  rock
Recognition of th e  featu re types of th e  periglacial soil frost also furnishes 
evidence to  the degree of actual surface modelling and to th a t of the denudation 
of slopes and of th e  surface soil, as th e  degradation of the present surface 
plays naturally  a subord inate  role on slopes where the  markings of th e  peri­
glacial cryoturbation  m ay be encountered below the  soil profile. Otherwise, 
actual destruction of th e  surface m ay be supposed, and this prom pts us to 
define also the scale of this destruction  by means of o ther methods (Pécsi 
19616).
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CHAPTER 5
D EN U D A TIO N  IN  G E N E R A L
a) Climatic Geomorphology
F rom  among the works dealing w ith  the process and ra te  of surface modelling 
hy th e  external forces, we have to  mention especially B. B ulla’s studies on 
clim atic morphology and his book General Physiography (1954a). External 
forces bring to bear their m odelling effect in th e  different clim atic regions 
depending on the clim atic conditions. Bulla (1954a, 1954c) subdivided the 
surface of the earth  in to  eight climatic-morphological regions. He characterized 
the  association of th e  different featu re types corresponding to  th e  clim ate 
of each particular region. In m any papers, he studied in detail th e  feature­
shaping function of linear erosion characteristic of the climatic-morphological 
regions of the tem perature zone, pointing among others to the form ation of the 
C entral-European landscape abounding in valleys as being norm al for the  
tem perate  zone. Nevertheless, in  Central Europe the  now existing surface 
features have been modelled not only by the fluvial erosion of the tem peratu re  
clim ate b u t — besides the periodically recurring crustal m ovem ents of the 
shifting of climatic zones having been repeated several times since L ate 
T ertia ry  times — also by external forces of the tropical, subtropical and peri- 
glacial realms of clim atic m orphology as a consequence (Bulla 1954c). These 
processes figured in the  dialectic developm ent of the  relief even several times 
for longer or shorter periods. In  addition, Bulla has emphasized th a t, with 
respect to their genesis, the fossil — dying out, perishing — form  elements 
are found together w ith  forms produced by processes taking place a t present 
in th e  tem perate zone.
b) Tropical Peneplanation ancl Formation of Piedmont Surfaces
Bulla lias evaluated and criticized in detail the theories of Davis and Penck 
concerning morphological evolution and the form ation of peneplains. In  the  
geomorphological lite ra tu re  he was th e  first to call a tten tion  to a th ird  form 
of peneplanation, th e  so-called tropical peneplain form ation, beside th e  pene­
plain  formation described by Penck and Davis (Bulla 1956a, 19586). He 
suggests th a t in the tropics, because of the intensive w eathering and th e  large- 
scale surface wash, th e  peneplain surfaces have to  form, following th e  laws 
of natu re , on every rising or stab le  crust portion, and to  such heights, up  
to which the tropic clim ate, owing to  the prevailing high tem peratu re  and the 
heavy  rainfalls, is able to denude th e  surface constantly , continuously and 
rapidly, th a t is to control continuous peneplanation. He pointed ou t th a t  this 
form of peneplanation can be studied even today in th e  regions of th e  tropical 
savannahs and in th e  tropic rain-forests along th e  E quator. Because of its 
large extension this form  of peneplanation is believed to be the m ost frequent
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and  the most characteristic one on our globe. The peneplain surface formation 
of Davis and Penck is considered by Bulla to be less w ide-spread and less 
characteristic. H e explains this form  of peneplanation in tropical regions 
by  the insignificance of linear erosion and, a t th e  same time, by  intensive 
areal denudation due to  the ab u n d an t rainfall and  to  the strong weathering.
In  Bulla’s opinion (19586) th e  undulated  levels brought about by  tropical 
peneplanation are substan tia lly  independent of th e  tectonic movements 
of the  area, but depend  com pletely on the clim ate. Therefore, he emphasized 
th a t  recent tropical peneplain surfaces can not, or only w ith great circum­
spection, be used for characterizing the ages and  scales of the  epeirogenic 
and  diktyogenic m ovem ents. H e lays stress on this fact ju s t because 
previously H ungarian  and foreign geomorphologists adopting Penck’s and 
D avis’ peneplanation theory  considered the peneplains of the  middle and 
high mountains to  represent senile or prim ary peneplains dating  from the 
Mesozoic and T ertia ry , and ascribed the  step-like arrangem ent of the  pene­
plains to the recu rren t uplifts of the  m ountains in E arly  and L ate  Tertiary 
tim es, inferring from  th e  individual levels the date  and extent of the  upheavals.
Bulla refers to th e  fact th a t th e  peneplains of th e  H ungarian Central Moun­
tains are also due to tropical peneplanation. He does no t take a definite stand 
on  whether a single o r several tropical peneplain stairw ays had form ed in our 
Central M ountains, he ra th e r pu ts  forward the  hypothesis th a t  the  levels 
of different height h ad  once represented a single tropical peneplain level which 
was articulated in to  several steps owing to subsequent tectonic dislocations
(Bulla 1956«, 19586).
B ulla’s theoretical papers on tropical peneplain form ationand  on thepeculiar 
surface modelling of th e  individual climatic-morphological regions have extert- 
ed considerable influence on the  geomorphological investigations in Hungary. 
Adopting Bulla’s theo ry  on the tropical peneplain form ation, Pinczés pointed 
o u t the presence of a tropical peneplain level in th e  Neogenic volcanic range 
of the  Zemplén M ountains (1960). In the M átra M ountains Székely described 
a tropical peneplain w ith double steps as well as a subtropical peneplain 
level, and a Pliocene piedm ont benchland (1961). Pécsi compared th e  positions 
in  space of the peneplain and denudation levels of the H ungarian  Mesozoic 
peneplain block m ountains w ith  th a t of the younger Neogenic volcanic moun­
tains and m ade com parative observations in connection w ith  the levels 
occurring on the  o u ter border of the  L ittle C arpathians and on the border 
of the Graz Basin.
On the basis of th e  afore-m entioned investigations — w ithout denying the 
role of tropical peneplanation in the morphogenesis of the H ungarian  Central 
M ountains during th e  Neogene — Pécsi called a tten tio n  to  the  presence of 
pediments which h ad  undergone truncation  in q u ite  recent tim es, i.e., at the 
end of the Pliocene and at th e  beginning of th e  Pleistocene (Pécsi 1931a, 
1961e). F urtherm ore, in one of his papers (196ie), he illustrated  w ith  profiles 
th a t  the central peneplain surfaces of our Central M ountains are often fairly 
regularly encircled b y  three narrow  half-planes, th e  “ piedm ont benchlands 
(Figs 59—61). These series of piedm ont benchlands, most of which are conspicu­
ously truncated surfaces, cannot be considered broken portions of a 
tropical peneplain, th e  less so as th e  recent upper Pliocene beds (when climatic
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F ig . 59. A sketch of th e  denudation  levels in  th e  western border of the Buda Mountains 
T  — T ro p ic a l penep la in  su rface , M iocene, H s — S a rm a lio n  p ie d m o n t b e n c h la n d s , [I , — p re s u m a b ly  U p p er 
P a n n o n ia n  p ie d m o n t bench lands , P  — p e d im e n t d a t in g  fro m  th e  beg in n in g  o f P le isto cen e ; I, I I , I I I  — P le istocene  
c r y o p la n a t io n  horizons
.£ ' N
Cj5:
F i g . 60. Sketch of the denudation  levels in  th e  southern foreland of the B ükk Mountains 
T  — O ld e r  le v e l of d en u d a tio n , p ro b a b ly  M iocene tr o p ic a l  p en ep la in  su rface , H 2—H 3 — u p p e r M iocene a n d  P lio ” 
cene p ie d m o n t  benchlands, H x — u p p e r  P liocene p e d im e n t  w h ich  co n tin u ed  to  fo rm  also d u rin g  e a r ly  P leistocene 
g la c ia t io n s  5 .1 / — S u b m o u n ta in  B as in
0_____ 1 _2__  3 km
F i g . 61. A sketch of the peneplain  level and  th e  piedmont benchlands of the Mecsek Moun­
tains
T  — P e n e p la in  surface, I I3— / / 2 — p re su m e d  la te  T e r t i a r y  ab rasion  an d  d e n u d a tio n  b ench lands , H x — up p er 
P liocene p e d im e n t , P  — e a r ly  P le is to cen e  p e d im e n t, S M  — S u b m o u n ta in  B as in : 1 — g ran ite s , 2 — J u ra s s ic  
im e s to n e s , 3 — H e lv e tian -T o rto n ia n  b ed s , 4 — U p p e r  P a n n o n ia n  beds , 5 — s lope  loesses
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Fig. 62. Cross-section of the no rthern  foreland of the Mecsek Mountains (the Völgység, th e  
Hegyhát) and the southern border of the Somogy H ill Region. The northern  slopes are  
fairly steep while tlie southern slopes are dissected by several gently sloping stepped dera- 
sion horizons
P  — U p p er P liocene p e d im e n t of th e  M ecsek , — early  P le istocene  p e d im e n t; I —VI — P le istocene  deras ion  
c ry o p lan a tio n  horizons
Northern p a r t o f Zselic Hill Country 
V!
m.a.s.l 260-270
Fig. 63. D erasional-cryoplanational horizons in the Zselic Hill Contry
O n the  n o rth e rn  b o rd e r  o f th e  Zselic th e r e  a rc  n arrow er derasion  ho rizons  w ith  g re a te r  s lip  h e ig h ts  and  v a r io u s  
re la tiv e  a ltitu d es  ra n g in g  from  5 to  7 in  n u m b e r  w hich can n o t be  d e r iv e d  from  an y  of th e  ev o lu tio n  phases of 
th e  K apos Valley, n o r  can  i t  be co nnected  w ith  th e  level of th e  a n c ie n t v a l le y  of th e  K apos R iv e r. Som e of th e se  
horizons m ay  h av e  b ee n  fo rm ed  b y  c ry o p la n a tio n  during  one g lac ia tio n . I —VI deras ion  ho rizons
Valley Hegyhat Valley
sole /  II III V V! VI V IV III II / sole II III IV
7 t | | 5 __ 10 km
Fig. 64. Cross-sectiou of the m eridional erosion-derasion valleys of th e  Zala Hill Region.
O n th e  w estern  a n d  e a s te rn  slopes of th e  H a h ó t Ridge, c ry o p lan a tio n  a n d  derasion  p rocesses p ro d u ced  derasion  — 
c ry o p lan a tio n  horizons w ith  n u m b e r a n d  h e ig h ts  d ifferent for each  p a r t ic u la r  slope. In  som e of th e  low er horizons» 
th e  s loping  s tra tif ie d , s a n d y  loess m a n tle  is  w ell exposed. A bove c e r ta in  v a lle y  soles th e  n u m b e r  o f th e  deras ion  
horizons am oun ts  to  6 to  7 inc lud ing  th e  to p s  of th e  hills.
6 0
F ig . 65. Derasion cryoplanation horizons in  the eastern half of the H ill Region of O uter Somogy, according to  Szilárd (1962)
A  — A ndóes, Cs — Csorna, I )  — D om bóvár, Dö — D öbrököz, F  — B ala to n fö ld v ár, /  — Iga l, J  — J a b a -p u s z ta , K  — K őröshegy , N b  — N agyberk i, Nk  — N ag y k ó n y i, S — Ságv$r, S z  — S zán tó d , S z d  — Szárszó, T o  — T am ási, 
T k  — T ö rökkoppány , Z  — Z a m árd i; I— VI d e ra s io n -c ry o p lan a tio n  ho rizons
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conditions were different) have also been trunca ted . This upper Pliocene denu­
dation cannot be explained by tropical peneplanation. The lowermost step 
is no longer a real “ piedm ont step” b u t a pedim ent (Flussfläche) which m ay 
even be b ipartite . These levels can also be observed in valleys penetrating the  
interior of m ountains.
c) Terraces and Surfaces Affected by Cryoplanation
Since during the Q uaternary  the te rrito ry  of our coun try  more than  once 
belonged to  the region of periglacial clim atic morphology, th e  morphogenesis 
of these times differed from th a t of the present age. The conditions of a peri-
F ia . 66. D enudation levels of th e  M átra Mountains w ith  a broad pedim ent in  the foreground 
T  — T rop ica l p e n e p la in  re m n a n t f ro m  th e  end  of th e  M iocene (T o rto n ian -S arm a tia n ), H 3 — p resu m ed  S a rm a - 
t i a n  p ie d m o n t, / / 2 — L ow er P a n n o n ia n  (Pliocene) p ie d m o n t, H l — u p p e r P liocene  p e d im e n t w h ich  w as 
su b je c te d  to  f u r th e r  m orphogenetic  changes  in  th e  P le isto cen e  (P  — Qt)
glacial denudation in H ungary and the scale of the then predom inating ex ter­
nal processes have been dealt with in th e  course of earlier investigations, 
too. Kéz, Bulla, K ádár, L áng and Kerekes discussed, in  several papers, th e  
mechanism of the  rivers and loess form ation and gave a general characteri­
zation o f 'th e se  processes.
The function of periglacial processes (freezing, solifluction, gelideflation, 
slope wash) in shaping land  surface in the foreland of our hill landscapes and
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central m ountains have recently  been described in detail by  Pécsi (196ie, 1962a). 
His investigations suggest th a t  in the  cold-dry glacial phases with scarce 
precipitation the  evolution of the  surface proceeded in an  areal and no t 
in  a linear way. On soils which were frozen for a considerable part of the y e a r  
or, a t certain episodes, th roughout the year the  scarce rainfall caused areal 
denudation of th e  slopes or areal deposition of talus debris on them. Such 
climatic conditions led to  the  transform ation by cryoplanation of the lan d ­
scape abounding in valleys formed in earlier tem perate  climatic periods. 
Owing to exposure, to  differences in the  quality  of the rocks and in the th ick -
F i g . 67. Wide pedim ent of the Mecsek M ountains
P  — Q1 — U p p er P liocene p e d im e n t w h ich  u n d e rw e n t ad d itio n a l sh ap in g  a t  th e  b eg in n in g  of th e  P le istocene , 
/ / j  — upper P liocene p e d im e n t, / / 2— H 3 —  p re su m e d  a b ra s io n  a n d  d en u d a tio n  s te p s  f ro m  th e  end of T e r tia ry , 
T  — re m n a n t of a  tro p ica l p en e p la in
ness of the snow cover, the frost penetrated  to various depths. Therefore, the- 
denudation of the slopes was sim ilarly disproportionate in cross-section and 
resulted in derasional and cryoplanational steps. The derasional terraces 
developed in broad basins and on hill ridges of loose m ateria l in the course 
of the denudation and accum ulation of deposits moving to  different distances 
on the slope in an areal m anner. On th e  o ther hand, under the influence 
of freezing penetra ting  to  different depths, a series of cryoplanational terraces 
formed on the sloping surfaces of m assive rocks. A dditional investigations 
are necessary in order to  explain the  origin of these features more fully. For the- 
tim e being, we are only able to recognize these features and to  correlate them  
w ith the periglacial processes. Minor benchlands have already been observed
along the Danube (Pécsi Í954) and in th e  Mezőföld (Adam, Marosi and Szilárd 
1959) also in loose rocks, b u t their re lationship  w ith the  periglacial processes 
was not yet recognized then.
Most of the derasional levels, their num ber and altitude, and all cryoplanatio- 
nal levels are independent of the local base level of erosion, nor do they indicate 
the individual phases of th e  uplift of th e  hill landscape or of the foreland of 
m ountains, bu t are chiefly dependent upon clim atic — periglacial — processes. 
The derasional levels of the particular slopes vary  in num ber w ithin the  range 
of 3—7; they  differ from the  fluvial terraces in respect of several form p atte rn s  
as well as in the following: they  follow th e  outlines of the features on the slopes 
of hills and basins; depending on the degree of exposure th ey  are often very 
extensive, and there are slope deposits on th e ir surfaces (Figs 62—65).
Cryoplanational levels occur on tru n ca ted  surfaces or on piedm ont bench- 
lands. These are steps of unecjual heights vary ing  from 5 to 15 m. Their surfaces 
are commonly covered w ith  stone blocks or rock debris.
Pécsi has disclosed th e  relationship betw een the pedim ent levels of denuda­
tion and the  highest terraces or levels of derasion-cryoplanation in the D anube 
Valley. He suggests th a t  the  formation of th e  lower pedim ent surfaces m ay 
be ascribed, when judging by the coarse, unrounded debris covering them , 
to  areal processes tak ing  place under sem iarid dry-w arm  (upper Pliocene) 
and also under dry-cold (glaciations) clim ate, similarly to  the form ations 
referred to as pedim ent, glacis, and F ussfläche (Figs 66, 67). During th e  m ore 
hum id interglacials the lower, extensive pedim ent surfaces have been dissected 
by terraced valleys (Pécsi 1961c).
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CHAPTER 6
STRUCTURAL FORMS AND R EC EN T CRUSTAL MOVEMENTS
The investigations carried ou t by  the  Physiographic Section have dem onstrated  
by numerous examples the m orphogenetical im portance of s tructu ra l elem ents, 
fracture lines, faults, trough-like subsidences, and th a t of the uplifts along 
tectonic lines. The earlier geographical and geological lite ra tu re  furnishes, 
in  this respect, papers and m ethods in abundance. The results of our research 
work support, beyond all doubts, the  earlier theory  according to which surface- 
morphological observations can lead, in certain  cases, to ra th e r well founded, 
in  other cases only to hypothetical, conclusions concerning the  geological and 
tectonical conditions of a given area (Góczán, Marosi and Szilárd 1954). 
This statem ent was confirm ed several tim es by  detailed drillings serving the  
exam ination of the stru c tu ra l patterns as well as by the geophysical research 
methods. Therefore, one cannot disregard the structu ra l studies based on 
morphological evidence which, in certain  areas, above all in  our block m ountains 
and in their surroundings, m ay furnish d a ta  suitable in m any respects for 
drawing the tectonic p a tte rn  of the  area and in this w ay spare the national 
economy th e  great expenses of developing a very dense network of deep 
boreholes necessary for structure-investigating  drillings. Our geologists 
and geophysicists are of the  opinion th a t  the  geomorphological surveys and 
methods can successfully be applied in research into the  structu re  of surface 
levels and deeper horizons, especially in the  case of block m ountains, sm aller 
basins and borders of plains.
However, we have to  m ention th a t in  certain  cases the objection th a t certain  
authors, when characterizing surface features, lay too g rea t a stress on th e  
function of tectonic elem ents, especially in connection w ith  hill regions m ade 
up of loose sedim ents, is well founded. I t  was undoubtedly  an exaggeration 
to consider some henchlands as tectonic elements. Criticism against these 
exaggerations is justified. However, this m ust not result in restraining us from  
using the geomorphological survey in th e  exploration of tectonic elem ents 
in  the future. O ur task  is to investigate thoroughly where we have to deal, firs t 
of all, w ith  tectonic form elements, and where chiefly w ith  form elem ents 
produced by denudation. I t is im portan t bo th  theoretically and practically  to  
decide where and to w ha t ex ten t s tru c tu ra l elements are rem oved or accen tu a t­
ed by denudation  and w hat processes are involved. A lthough, owing to th e  lack 
of adequate exposures, it  is often very  difficult to  detect the  tectonic lines, 
on the basis of the  dislocation of s tra ta , in the Mezőföld, in th e  T ransdanubian 
Hill Region and in th e  borderlands of th e  L ittle  P lain, still investigations 
could throw  ligh t on the fac t th a t  th ere  is a close connection between th e  
structure of th e  basem ent underlying th e  thick Pannonian and early T ertia ry  
beds on th e  one hand , and th e  m orphological features, especially the valleys 
and trough-like subsidences, on the  other. The NW —SE strike of the  rigid
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F i g . G8. Tectonic lines and the valley svstem of Mezőföld, according to L. Ádám, 
S. Marosi and J . Szilárd (1959)
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valleys cut in to  the surface of the Mezőföld exhibits a close relationship w ith  
the tectonic lines appearing on the surface of the adjacent Central M ountains 
(Ádám, Marosi, Szilárd 1959) (Fig. 68). In  cases of fo rtu n a te  exposures, e.g. 
in the E rd  railw ay cu tting , and in th e  U pper Pannonian  deposits of th e  
larger exposures between Székesfehérvár and V árpalota, the  trends of th e  
fracture lines coincide w ith  the  m orphological features. Sim ilar phenom ena 
have been pointed out in  th e  Somogy Hill Region by  Szilárd and M arosi; 
in the Vas— Zala Hill Region by Somogyi; in the M arcal Basin by Góczán; 
on the gravel sheet beyond th e  D ráva b y  Ádám; in th e  hill range extending 
in the northern  foreland of th e  Bakony and  Vértes M ountains and in theD an u b e  
Valley in several places by  Pécsi. On the basis of the exposures it could also be 
stated  th a t on loose sed im entary  rocks fracture lines are denser th an  i t  is 
reflected by the  m orphological features, as denudation obliterates the m orpho­
logical traces of less developed tectonic lines. For instance, in the n o rthern  
hilly foreland of the B akony and Vértes M ountains and in  certain parts of the  
Mezőföld, the  erosional-derasional valleys striking N N W —S SE orN W —SE, 
while trending towards th e  Danube, accentuate  only th e  tectonic lines w ith  
the above direction, and those perpendicular to them  p lay  only a subord inate  
role.
The results of the investigations d irected  towards detecting  recent tecton ic 
movements are likewise of considerable in te rest both theoretically  and p ra c ti­
cally. Our research workers have compiled numerous d a ta  for a more precise 
characterization of the  form ation and th e  areal delim itation of recent depres­
sions known from earlier geological and geomorphological literature (Bulla, 
Marosi andSzilárd) for L ake B alaton; Á dám  for Lake Velence; Góczán, M arosi 
and Pécsi for the depressions of the G reat Plain, and Pécsi and Góczán for the  
Little Plain. In  addition, our terrace-m orphological investigations in the  valley 
of the D anube and of o th er rivers have provided inform ation about th e  scale 
and the tim e of Q u a te rn ary  tectonic m ovements. These data  are generally 
in agreem ent w ith those furnished by geophysical and geodetic m easurem ents, 
and thus th ey  m utually  com plete each other. The above data  together w ith  
similar results gained b y  o ther geomorphologists (Szabó, Láng, Borsy, Székely) 
and geologists (Pávai, Süm eghy, M iháltz, Erdélyi, Rónai) have modified the  
earlier general opinion according to w hich no im p o rtan t tectonic changes 
occurred during Q u a te rn ary  times. T he da ta  of our terrace-m orphological 
investigations, together w ith  the re levant karst-m orphological and geological 
investigations, ascertain  unanim ously th a t  during th e  Q uaternary era the  
Hungarian Central M ountains were uplifted by ab o u t 200 to 300 m. On 
the o ther hand, in the  G rea t Plain, though  very unequally  subsided, we have 
to reckon w ith  a subsidence reaching in  places even 300 to  600 m. In th e  cen­
tral p art of the L ittle  P lain, i.e. in th e  Győr Basin, the thickness of the 
Q uaternary  fluviatile deposits reaches even 150 to 250 m  (Pécsi 1956c, 1958ft, 
1960d).
The d a ta  available b y  geomorphological research m ethods, permit us to  dis­
tinguish betw een th ree m ain stages of crustal m ovem ents within the  Q u a te r­
nary era: 1. lower Pleistocene — pre-Giinz, 2. m iddle Pleistocene (late 
Mindéi — Mindéi — Riss interglacial), 3. upper Pleistocene stage of m ovem ent. 
The early Pleistocene stage of m ovem ent we a ttem p ted  to split in to  th ree
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phases: a) Riss—W ürm  interglacial phase (Bulla, Pécsi, Adóm, Marosi and 
Szilárd), b)  intra-W ürm  phase (W ürm  1—II) (Adóm, M arosi and Góczán), 
and c) postglacial m ovem ent phase (Bulla, Adóm and Pécsi). The form ation 
of our recent marginal subsidences and larger lake basins is mostly con tem ­
porary w ith these th ree phases of m ovem ent a t the end of the Pleistocene.
The H ungarian researchers dealing w ith  Q uaternary  deposits as well as th e  
workers of the Physiographic Section have, from several aspects, elucidated 
the fact th a t  the relief of th e  country had  attained  its re la tive altitude chiefly 
under the influence of the  epeirogenetic and tectogenetic movem ents tak in g  
place a t the end of the  Pliocene and during  the Pleistocene. As a consequence 
of these recent m ovem ents and of the increased erosive processes provoked 
by them , the  slopes becam e bolder during  the Pleistocene. The denudation 
of the slopes caused by uplifting m ovem ents proved to be very  intensive in th e  
hill and m ountain areas of Hungary and was associated w ith  valley form ation 
by erosion during the pre- and interglacials, and with gelifraction, solifluction, 
pluvionivation and eolian processes during  the Glaciations. The processes 
of denudation which becam e anim ated as a result of the  uplifts and which 
during the Pleistocene constantly  m oulded the relief and the  slopes, resulted 
commonly in juvenile features and sedim ents.
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CHAPTER 7
IIY D HOG R APHIC IX V ESTIG ATI 0  X S
The hydrographic investigations were s ta r te d  within our Section as early as 
th e  middle of th e  fifties parallel to, and associated w ith , geomorphological 
surveying in  the  Mezó'föld. Since tha t tim e these investigations have gone 
on with increasing in tensity .
Since hydrographic com pilations require m any  hydrographic and m eteoro­
logical da ta  which can be ob tained  only by analysing the  results of observa­
tions carried ou t regularly  for years, this w ork could not be done, and cannot 
be done even today, w ith o u t using the d a ta  of other institu tes. However, in 
certain respect s, as e.g. w hen estim ating th e  ra te  of flow of m inor streams, and 
the yield of springs, we have had the op p o rtu n ity  to carry  on direct investiga­
tions and m easurem ents in  th e  field.
A fairly large hydrographic treatise on th e  Mezőföld has alreadly been 
completed (Marosi, Szilárd 1959) in which th e  stream ing and  the fluctuations 
of the subterranean  stream s, the w ater regim e and the w a te r level oscillations 
of the running and stan d in g  surface w aters as well as th e  trends and peculi­
arities of drainage of th e  individual catchm ent basins are characterized in close 
relationship w ith  the tecton ic features, th e  structure, th e  geomorphology, 
and the clim atic conditions of the area.
On the basis of their m easurem ents th e  authors could describe the regim e 
and the ra te  of flow of a num ber of minor stream s about w hich no organizations 
dealing w ith  w ater resources have yet h ad  the necessary data, which are  
so im portant for d rafting  plans for the im provem ent of riverwavs, for the possi­
bilities of w ater production , irrigation etc.
During the study  of th e  hydrographic conditions of th e  Somogy—Tolna 
Hill Region now under w av, not only th e  above-m entioned data of sm aller 
streams b u t also those of the m ajor springs will be collected (Adám, Marosi, 
Szilárd).
CHAPTER 8
PHYTOG EOGBAPIIICAL INVESTIGATIONS
The Physiographical Section of the G eographical Research In s titu te  was joined 
by  a phytogeographer as late as i960. The necessity of closely connecting 
the  phytogeographical investigations w ith  th e  physiographical studies was 
recognized a long tim e ago. Doing so, we w ant to enlarge th e  scope of th e  
monographs dealing with regional landscapes, and to  furnish concrete 
phytogeographical d a ta  for studying th e  close relationship between m orphol­
ogy and vegetation (Jakucs 1962). The fundam ental investigations of Jakucs 
comprise the study  of shrub forests of pubescent oak so im p o rtan t for the  
afforestation of the  natural barren  landscapes and karst regions of H ungary. 
In  his monograph Die phytocönologische Verhältnisse der Flaumeichen Busch­
wälder Südostmitteleuropas (Jakucs 19616) on this subject he trea ted  a p lan t 
com m unity th roughout its geographic realm  in Central and S ou th-E ast 
E urope (Austria, Czechoslovakia, Poland, Hungary, R um ania, B ulgaria, 
Yugoslavia).
69
CHAPTER 9
RESEARCH METHODS
Initially  the research w ork  of the Section was based upon earlier experience 
gained in methodology. W e could render our work more effective only because 
our better potential possibilities perm itted  us to make ra th e r  detailed observa­
tions in the field. These, however, were soon found insufficient for u rgently  
assessing form ations, w hich required tests and analyses of th e  m aterial sam pled. 
The most frequent problem  was how to separate  fluviatile sand from blown 
sand. For this sake, th e  percentage d istribu tion  of d ifferent grain sizes w ith in  
the  granulom etric com position of sand sam ples and th e  shape of the grains 
were analysed. For geomorphological investigations, we started  to use th e  
granulom etrical m ethods which had been applied earlier for the exam ination 
of sedim entary rocks. E ven  though the exam ination of gra in  size d istribu tion  
and of the shape of grains in sand samples did not perm it us to clarify the 
origin of the respective samples, in m any  cases we could still trace the 
features characteristic of th e  sandy deposits of different origin (Ádám 1959a, 
19596, 1960).
Szádeczky’s roundness-m easuring m ethod could be applied much m ore 
successfully for the separation  of fluviatile gravels belonging to different 
river systems. It p e rm itted  a reliable distinction of the  gravelly deposits of 
different river basins, as well as the d ifferentiation or identification of terraces 
of different height m th e  Danube Valley. This m ethod was slightly modified 
for its more rapid application  in field work. The gravels of equal ro u n d ­
ness suitable for com parison were entered in photo-plates corresponding to 
ten  degrees of roundness (Pécsi, Pécsi-D onáth 1959, 1960).
The application of these  m ethods perm itted  Adam (1959a, 19596) to  sep­
arate the gravels of th e  Mór F au lt Trough from those originating in the B akonv 
Mountains and in the  D anube, while Góczán could po int ou t the analogy of 
roundness of the  gravels from  Billege in the  Tapolca B asin with those of th e  
Danube (1960) and to  ascertain  the presence of rem nants of the gravel sheet 
of the Rába in the easte rn  p art of the M arcal Basin (1962). In addition, 
this method proved to  be suitable for the  characterization of gravels ob tained  
from deep boreholes, too . Thus for instance, the gravel horizons lying at depths 
of 200 to  400 m in the  D anube—Tisza M id-Region could be traced back 
to the Danube.
Our work com prised th e  analyses of the percentage d istribu tion  of the m iner- 
alogical and petrograpliical and also of the  heavy m ineral composition of sandy  
and gravelly sedim ents.
In  recent years th e  differential-therm ical analysis (DTA) of clay minerals 
was started  in  order to separate  the  clayey and  the loam y sedim ents and fo rm a­
tions, to determ ine th e  degree of w eathering and, by this means, to reveal 
the circum stances of th e ir formation. This m ethod also furnished supple-
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F i g . 69. Clay mineral content of the buried fossil soils in H ungary, on the basis of differential-thermical analyses, according to Pécsi and Donáth 
1. Fossil soil ( F \ — Ft ) zones in  th e  ex p o su re  of loesses a t  P a k s : 1 — F  3 .5—4 m m ; 2 — F s 10.5 m ; 3 — F a 13 m ; 4 — F 3 14 m ; 5 — F4 16 m ; 6 F 5 22 
m ; 7 — F 8 23 m ; 8 — T u ffit 25 m ; 9 — F , 29 m ; 10 — F ,43  m ; 11 — F , 46—47 in
II . Chernozem  soils in  loesses: 1 — recen t chernozem  a t  P aks, 2 —3 — fossil chernozem  (M ezőföld, Mende)
II I . Fossil brow n fo res t soil in  loesses: 1 — N agym aros (F3), 2 — N agym aros (F4), 3 — N orth  R egion of T isza, 4 — B asah a rc  (F4)
IV. R ed-brow n fossil soils in  loesses: 1 — G om ba, M onor H ill Region, 2 — D öbrököz, T olna H ill Region, 3 — P aks (F 5), 4 — Szekszárd , T olna H ill Region
V. R ed soil fossil: 1 — B onnya, Som ogy H ill Region, 2 — V elence Mts, 3 — Belecska, T olna H ill Region, 4 — V asvár, K em enes R idge
VI. Loesses an d  loess-like sed im en ts  redep o sited  b y  so lifluction: 1 — P ak s  6 m ; 2 — N agykan izsa , 3 — S zen tg o tth a rd , 4 — S zom bathely , 5 — K örm end, 6 — Z alalövő
m en tary  data for typ ify ing  fossil soils according to  their genesis (Fig. 69). 
F o r differentiation of types of the H ungarian loesses and for the solution 
of their genesis questions, we applied the m ethods of loess analysis (Fig. 70); 
(curve of the g ranulom etrical d istribution, determ ination of the  lime con­
ten t, coefficients of settling , yield point etc.) used in sediinentology and in 
soil mechanics (Adám , Marosi, Szilárd, Pécsi).
These methods w ere borrowed from geology and m ineralogy-petrography. 
O ther quantitative m ethods were also used for geomorphological investigation. 
In  recent years we s ta rted  detailed m easurem ents of the angle of slope 
(Pécsi, Székely, Szilárd) to typ ify  and characterize the  dells and the erosional- 
derasional valleys of complex genesis and slopes in general. The frequent 
measurem ents of th e  angle of slope perm itted  us to  obtain accurate cross-sec­
tions of valleys, of slopes and to determ ine the  gradient curves of the smaller 
valleys along the slope. By applying this field m ethod, we intend to start 
th e  slope-morphological investigations satisfying even practical requirem ents 
to  which little a tte n tio n  had been paid in the earlier period. The observations 
m ade hitherto suggest th a t  the  results of slope-morphological investigations 
w ould permit us to  characterize th e  so-called equilibrium  slope — showing 
litt le  degradation — fo r each p articu lar kind of m other rock and for a certain 
re la tiv e  altitude. W e w ant to  enrich the fundam ental principles of research 
in to  soil erosion by  m eans of these investigations.
F o r the last tw o years we have striven to  com plete our geomorphological 
research, in p articu la r th e  analysis of the  relief, by  applying, besides merely 
geological and geom orphological m ethods used before, soil-geographical, 
phytogeographical and  clim atical m ethods. The value of the  results obtained 
during  our research w ork  has been increased both  theoretically  and practically 
by  th e  fact tha t increasing  a tten tio n  is being paid to the  results of soil geo­
g raphy  and palaeopedology (Pécsi, Góczán). Among the  processes shaping 
the surface of the ea rth , the role of fluvial erosion, deflation, and the crustal 
m ovem ents were analysed quite fully, while the  processes of soil formation 
w ere somewhat neglected. Nevertheless, the  diverse types of soils already 
form ed and the know ledge of th e  circum stances of their form ation would 
perm it us to draw very  im p o rtan t conclusions concerning the  developm ent of 
th e  ea rth ’s surface.
Certain soil types, e.g. clayey forest soils, have rendered possible the 
effective slope-degrading activ ity  of periglacial solifluction to  proceed on 
th e  slopes of our h illy  and m ountainous regions, even on rocks in which 
the  clayey fraction was lacking or was very subordinate (loess, pebble, 
debris etc.).
A lthough the app lication  of the results and m ethods of the phytogeographical 
investigations is now only  in its initial phase, these first steps have proved 
v ery  successful. For instance, in the  wide flood plains of our rivers the  m orpho­
logical methods p erm itted  only a rough distinction between the  flood plain 
horizons, while the  analysis of p lan t ecology has enabled us to  subdivide them  
m ore exactly and to  satisfy  thereby  practical dem ands. By means of the plant 
communities consisting of subassociations, bo th  deep-seated and high-seated 
flood plain horizons can  be split in to  several hab ita ts  (K árpáti, Pécsi 1959, 
1962) (Fig. 8).
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P. Jakucs has dealt thoroughly w ith  the features of vegetation in the Trans- 
danubian  Hill Country. The natural vegetation of this te rr ito ry  (forests, 
meadows, bogs etc.) is being studied by combined research m ethods (coenolo- 
gical analysis, microclimatic m easurem ents, soil tes t etc.), including the de­
scription of the secondary vegetation. The area in question belongs m ostly 
to  the  zone of oak forests and hornbeam -oak groves, yet its vegetation has 
been transform ed in to  a variegated mosaic by th e  geomorphological conditions 
(slopes, valleys, basins, m ountains etc.), by the  features due to  th e  variety  
of bedrocks as well as by the civilization. This trea tm en t is achieved by the 
exploration of the area and by  a completely detailed surveying of its parts. 
Namely, the regularities observed in well-selected m inor model areas can always 
he generalized for the  major areas surrounding them .
W hile studying the development of the ea rth ’s surface, th e  individual 
types of forms, especially the  m inor valleys, ravines and gullies, and the 
degree of soil erosion, we have taken  into account not only th e  phytogeo- 
graphical data, b u t also the results of climatology, more precisely the d istri­
bution of the climatological elements in tim e and space, as well as the types 
of the present and the past climates. Nevertheless, it is believed th a t the 
morphogenetic role of the types of palaeoclimates can be in terp re ted  correctly 
only if a regular survey of the palaeoclimatic elements (Bulla 1960, Pécsi 
19616, e, Somogyi 1961) is carried out in the  future.
In  developing geomorphological research m ethods, we have also tried 
to adapt them  to investigations in cognate sciences, and we did not fail to 
achieve some success. In this connection a num ber of examples and d ata  were 
furnished by Adám , Marosi, Szilárd, members of th e  Section (tracing tectonic 
lines and fractures on the basis of morphological data). R ecently , the  appli­
cation of terrace-m orphological m ethods enabled us to provide sufficient evi­
dence on the tim e and the scale of recent crustal movements and to outline 
the areas most endangered by earthquakes (Pécsi 1956a, 19586, 19596, Somogyi 
1956) (Fig. 71). I t  could be pointed out th a t earthquakes have been most fre­
quen t in tectonic zones where synchronous terraces or recent deposits have 
undergone most intensive deform ation and dislocation for a relatively long 
geological time. Such places are indicated, for instance, by  th e  deep burial 
of the  deposits of fluvial terraces in the southern  p art of the P est Plain, and 
by the step-like faulting  of the Danube terraces between K om árom  and Duna- 
almás etc. (Fig. 1).
The m ethods of geomorphological survey have proved to  be suitable for 
pedogeographical and phytogeographical investigations too. A good example 
is given in the  chap ter on the Holocene alkalization process (formation 
of alkali soils) in the  dissertation of Somogyi (1960).
W hen analysing the  evolution of H ungary’s river drainage during the 
Holocene. Somogyi found tha t the great extension of the alkali soils in H ungary 
could not be ascribed only to the  climatic factor, regarded earlier as funda­
m ental, b u t ra th e r to  such conditions of geological developm ent, tectonics 
and hydrology of the  H ungarian lowland basins as have provoked accum u­
lation of salts. The recent soil-geographical investigations carried ou t by Soviet 
and H ungarian workers in order to clarify the  genesis of th e  alkali soils have 
not only thrown light upon the chronologico-geographical oscillations of the
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F ia . 70/a. G ranulom etric curves of the H ungarian  loesses and loess-like sediments
I .  E o lian  loesses: 1 — V á c  DCM 2 m ; 2 — D u n a ú jv á ro s  4 m , 3 — D u n a ú jv á ro s  10 m , 4 — D u n aú jv á ro s  
4 m , 5 — D u n aú jv á ro s  5 m , 6 — P aks 8 in, 7 — P a k s  G.8 to  7 m , 8 — P ak s  7.8 to  8 m , 9 — P ak s  9 to  9.2 in, 
10 — P ak s  1.6 to  1.8 m
II. F lu v ia tile  loess-like s e d im e n ts :  1 — Szolnok 2 — K ú n sz e n tm á rto n , 3 — C eglédbercel 1.5 m  to  2.5, 4 — P aks 
2 4 .2 — 25.7  m , 5 — P aks 26 .9  t o  27.9 m , 6 — V ám o sg y ö rk  2 to  2.2 m , 7 — T ószeg 8.5 to  10.1 in, 8 — K őcser 1.6 
to  3.2 m , 9 — V ác DCM 5 in , 10 — T ö rö k szen tm ik ló s  5 m
74
0.002 ■0.01 0.02 .01
100% 
90 
80 
70
60
SO
SO
30
20
10
Fig. 70/6. Granulometric curves of the H ungarian loesses and loess-like sediments
I I I .  S lope  loesses: 1 — B a la to n b e ré n y , 2 — N ag y k an iz sa , 3 — T o ln an ém ed i, 4 — Pécs v á ra d , 5 — Bénge 
3 m , 6 — P ak s  15 n i.  7 — B a sa h a rc , 8 — G am ás, 9 — K ötcse 2.5 m , 10 — B akonybé l
IV . S lope  loess loam s: 1 — K ö rm en d , 2 — V asasszony fa , 3 — E g y h á zasrád ó c , 4 — Y ép, 5 — T iszad o b  5 to  
5.9 m , 6 — M átészalka, 7 — V ác DCM 1 m , 8 — S zo m b a th e ly , 9 — N em e sk ö lta , 10 — Lőcs— Bő
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Fig. 70/c G ranulom etric curves of the H ungarian  loesses and loess-like sediments
V. Fossil soils in  loesses: 1 — Vác DCM 7 in , 2 — P aks 9.6 lo  10.8 m , 3 — P aks 11.8 to  12.2 m , 4 — P aks 
20 .5  to  21.5 m , 5 — P ak s  43 .2  to  43.4 m , 6 — P a k s  43.7 to  44.2 in , 7 — V ác DCM 8 m , 8 — V ác DCM 6 m , 
9 — Szu lim án
V I. S a n d y  loesses, lo e ssy  s a n d s :  1 — Cegléd 1.7 m , 2 — K ecskem ét, 3 — K ecskem ét 5.4 m , 4 — K iskun ­
fé leg y h áza  3.5 m , 5 — N y íre g y h á z a  2 m , 0 — O ro sh á za  2 m , 7 — V ác DCM 4.6 m , 8 — D u n a ú jv á ro s  18.6 m , 
9  — P ak s  15.4 to  15.5 m , 10 — P aks 1.8 to  2 m , 11 — J á sz b e ré n y  3 to  3.9 m
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Budapest
F ia . 71. Lines of the m ajor surface cracks and 
fissures as observed after the earthquake near 
B udapest, 12 January  1956. According to Somogyi
A  — A lsóném edi, D h  — D u n a h a ra sz ti, S  — S oroksár, 
S z t. M . — S zigetszentm iklós, T  — T ak so n y ; A — A, D — D — 
th e  lines of th e  cracks; B — B, C — C, F —F , G —G , H — H — 
seism ic tre n d s  and  s tr ik e s  o f m in o r  cracks in  th e  soil. T he a rea  
m a rk ed  w ith  an  ellipse is th e  su pposed  e p icen tre  w h ere  the  
e a r th q u a k e  reached  an  8 th  d eg ree  of in te n s ity
ch arac te r of alkalization of the soils b u t have also led to the conclusion th a t 
the various types of alkalization constan tly  exist in close jux taposition  and 
m ay have existed also in the past. The exam ination of the role and of th e  effect 
•of th e  creating and influencing agents enables us to  analyse th e  regional 
changes in alkalization.
CHAPTER 10
GEOM ORPHOLOGICAL M APPING
(SYNOPTIC GEOM ORPHOLOGICAL MAP OE HUNGARY)
a) Development and Objectives o f Geomorphological M apping in  Hungary
R ecently  geomorphological m apping chiefly for the purposes of land utilization 
and planning has com e into the fore. This allows a wider practical application 
of th e  results achieved in physiographic investigations, m ore precisely in 
geomorphology. In  geomorphological maps the  physiographic environm ent, 
especially the elem ents of the  relief, its constitu tion and the  trend  of its 
development in tim e and  space can be sim ultaneously represented, depending 
on th e  type and th e  scale of these m aps, while in description all these items 
can be given and characterized only in succession resulting in a lengthy 
discussion.
The necessity of representing th e  forms of relief on maps on the basis of 
genetic principles arose in H ungary  some ten  years ago, shortly  after the 
detailed physico- and economico-geographical survey of H ungary was started  
in  1950 within the  scope of scientific work scheduledby th e llu n g arian  Academy 
of Sciences. These investigations were carried ou t by the geographers of the 
geographical d epartm en ts of the H ungarian  universities, the Transdanubian 
Scientific In stitu te , an d  the Geographical Research In stitu te  of the  Academy, 
founded in order to perform  the bulk  of the work and to co-ordinate it. The 
institu tions involved received considerable financial support from the 
Academy.
Reside general subjects, the  physiographic research workers investigated 
th e  geomorphology of the  individual regions and their parts. The results of 
these studies were published in th e  form of essays and regional monographs. 
P ractical life (regional engineering and economico-geographical planning) 
soon required the  com pletion of th e  geomorphological descriptions and partly  
th e ir substitution by  detailed m aps and profiles to increase the perspicuity 
and  applicability of th e  m aterial.
A t the beginning, in  the geomorphological treatises individual phenomena 
or groups of identical features were represented on m ap (for instance, maps 
of terrace morphology, of karst m orphology and of denudation levels. The 
geomorphological m apping of each particu lar landscape unit as a whole, w ith 
all its features, took  place only la te r  when the  detailed geomorphological or 
physiographical tre a tm e n t of the  individual landscapes had also been accom­
plished.
In  initial geomorphological m apping we were greatly  assisted by  such works 
as A. Y. Spiridinov’s Geomorphological M apping, the paper presented by 
M. K1 imaszewski du rin g  his s tudy  to u r in H ungary in 1953, and the  report on 
an  analogical sub ject delivered by R. Galon in 1955 in our country. In addition, 
we used the geomorphological m aps published by  Soviet, Polish, German,
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French and Swiss specialists. Some regional geomorphological maps were 
prepared on individual in itia tive  (Adám, Marosi, Szilárd 1959, Pécsi 1959a, 
Borsy 1961), yet the legends on them  and th e  principles and m ethods u nder­
lying their compilation were not uniform.
On the basis of the experience obtained by  these initiatives, th e  geomorpho­
logists of th e  Geographical Research In s titu te  of the H ungarian  Academ y 
of Sciences under the guidance of M. Pécsi elaborated, in 1960, a project for 
1 he preparation of the synoptic geomorphological map of H ungary , consider­
ing the frequent claims of practical life. Possibilities for th is project were 
provided by the  fact th a t  during th e  previous ten years H ungarian 
geomorphologists had surveyed most of th e  country by  individual lan d ­
scapes. Furtherm ore, the achievem ents abroad were also taken  into consider­
ation. The d ra ft legend prepared by the G R I was discussed together w ith the  
geomorphologists from various universities, w ith  the representatives of the  
cognate disciplines and those of the designing agencies w ith  a view to 
complying w ith  their claims and points of view.
b) Conception and Legend o f the Synoptic Geomorphological M aps of Hungary
The conception, content and legend of th e  synoptic geomorphological m ap 
of H ungary were widely discussed by the workers of the GRI w ith  due regard 
to similar m aps previously published in H ungary  and abroad. The p repa­
rations were started  on th e  basis of the  following principles.
On the genetic geomorphological m ap of H ungary the following items are 
represented: I. types of the combined genetic form families (plains, m ountains), 
II. individual genetic forms, III. m ajor form ations constitu ting the surface 
features, such as the substrate  on which th e  forms have come into being, 
IV. processes producing surface features and formations, V. th e  age of the  
surface features. Our geomorphological m ap contains, in addition, the m ore 
im portan t orographic, m orphom etric and hydrographic elem ents of the relief.
The next task  was to find suggestive m eans for representing th e  rich content 
of our map. O ur present d ra ft explanation is not yet considered to be final.
For the cartographic representation of the  manifold content of our geomor­
phological m ap, the colour signs of the m ore im portant rock suits m aking 
up the  relief are also used to  indicate th e  processes which had  produced th e  
lithological formations. This principle makes th e  map more easy to read and, 
a t the same tim e, reflects the  trend  and dynam ism  of morphological evolution.
1. The m ain colours used are
bluish-green
yellowish
brown-ochre
vermilions
carm ine
for surfaces and formations brought about by  fluvial accum u­
lation,
for surfaces and formations w ith  eolian accum ulation,
for deluvial sedim ents redeposited on slopes in  an areal w ay
(derasion),
for formations produced by volcanism,
for the deep-seated m agm atic and m etam orphic rocks of the  
palaeom ountains.
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2. The colours, s triped  or hatched along the slope, ind icate  surface-modelling 
processes
bluish-green slripes ind icate  slopes formed by erosion, 
brown stripes indicate slopes shaped by derasion,
orange stripes ind icate  slopes shaped by deflation,
black stripes ind icate  polygenetic slopes,
red stripes ind icate  slopes produced by tectonic movements.
(i) R E P R E S E N T A T IO N  O F 'C O M P L E X  F O R M  F A M IL IE S
In representing th e  complex form  families, the morphological conditions 
of Hungary were only  considered. The surface form families of H ungary .can  
be divided in to  tw o m ajor groups, i.e. the  group of th e  planated surfaces, 
plains, and the groups of different m ountain  types. The plains are classified 
in three groups according to the processes th a t had prevailed in producing 
them.
Types of Plains
a)  W e have distinguished alluvial plains and alluvial fans. Both are perfect 
plains, belonging to  the  flood plains of the  present rivers. These plains are 
modelled decisively b y  fluvial accum ulation even at th e  present tim e. The 
plains formed by  fluvial accum ulation are m arked in greenish-blue colour. 
About ten kinds of form ations (lithological differences) are shown w ith in  
this category.
b) The second ty p e  of plains comprises the  alluvial plains covered by  eolian 
deposits and the p lana ted  platform -like plains. Our plains covered by eolian 
formations em erge above th e  alluvium  of the  rivers, frequently ra ther high, 
though nowhere above 200 m. These plains are m arked by  three shades of 
yellow for th ree  kinds of form ations. The platform  plains in this category 
(chiefly in th e  area of the T ransdanubian  Hill Region) have locally been 
divided into flat hill ridges, their slopes being covered by various, loose 
slope deposits.
c) A separate  category consists of levelled plains and alluvial plains 
denuded by various agents: the deposits formed previously by  fluvial accum ula­
tion, or the  older loose sedim ents of the  T ertiary  system  had been rem oved 
by fluvial erosion, deflation or derasion. This category does not include the 
peneplain surfaces of the m ountain  ranges w ith restric ted  extention nor their 
truncated pedim ents. The la tte r  have been referred to the individual 
genetic forms.
Types of M ountains
a) The first g roup consists of volcanic hills and th e  peneplaned volcanic 
mountains. There a re  two types of rocks, i.e. lava and  tuff, including their 
various rock facies. T he types of volcanic rocks are, for th e  most part, m arked 
in vermilion colour suggesting the  prevalence of volcanic influence in  their 
genesis. On each p articu la r m ountain block the peneplain surfaces and ped i­
ments are represen ted  as individual m orphological elem ents.
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b) The category of th e  peneplaned fau lted  (folded) blocks and block m oun­
tains comprises the H ungarian  block m ountains m ade up chiefly of Mesozoic 
limestones and dolomites. This m ountain  type is m arked in violet w ith in  
which four principal rock types are distinguished (dolom ite, limestone, m arl, 
sandstone).
c) The category of th e  ancient peneplaned blocks and block m ountains 
includes th e  ruined rem nants of the old Variscian Massive. They are ind icated  
in carm ine colour which also represents th e ir  substrate, the abyssal m agm atic 
and m ctam orphic rocks, too.
On th e  individual portions of the peneplaned block m ountains belonging 
to the las t two categories th e  peneplain surfaces and the  pedim ents are in d ica t­
ed by special marks.
(ii) R E P R E S E N T A T IO N  O F G E N E T IC  F E A T U R E  E L E M E N T S
In  the representation of the  genetic features, we have distinguished those 
produced by  accum ulation, those shaped by  denudation, as well as tecton ic 
and anthropogenic features. For the featu res shaped by  fluvial accum ulation 
we have continued to  use bluish-green colour added to symbols, while for the 
features shaped by eolian accum ulation, the  yellow colour has been used. 
The features and sedim ents due to accum ulation by  derasion are generally 
marked in  brown.
Black symbols are used for the denudation  features caused by derasion, 
erosion and deflation, for the  karstic features as well as for the surfaces 
of denudation and peneplanation. On th e  detailed geomorphological m ap 
these processes are indicated  by different colours. The eroded banks, how ever, 
are indicated by bluish-green colours. T he symbols designating the individual 
features have been selected in a way to  reflect tru ly  th e  respective features 
on map.
The tectonic forms are in  general show n in carmine, while the an th ro p o ­
genic ones are marked in  black and orange-brown.
(iii) R E P R E S E N T A T IO N  O F S L O P E  M O R PH O L O G Y
The processes which had  modelled th e  surface features and the slopes are 
represented by stripes in different colours running along th e  slopes.
The s ta te  of the slopes is also indicated: slopes being form ed and degraded 
in  general, slopes being degraded and dissected by erosional or derasional 
valleys as well as rocky slopes, slopes affected by slumps and slip-off slopes 
are distinguished.
The degrading slopes of different genesis m ay be articu la ted  by dells and 
erosional ravines and gullies. I t may occur, for instance, th a t dells appear 
on erosional slopes or terrace edges.
Such a m ethod of representation of slopes also perm its us to give detailed 
inform ation on the petromorphological properties of th e  surface form ations 
as our legend includes six types of different slope sedim ents which often cover 
bedrocks. A t the  same tim e, we can provide inform ation on the  genesis of th e  
slopes as well as on the peculiarities and trends of the  processes which took 
place during their form ation and have continued  to act since.
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(iv) DENOTATION OF THE AGE OF SURFACE FEATURES
The age of th e  surface features is m arked b y  capital letters as adopted in th e  
geological lite ra tu re . In  the developm ent of the  relief of H ungary  since T ertiary  
tim es, we have distinguished 14 surfaces of different age and  the features 
associated w ith  them . This m ethod seems to  give sufficient inform ation 
on the age of form ation  and its  features, w ith o u t overburdening the m ap 
w ith colouring or surface strip ing .
The d istribu tion  of the le tte rs  m arking age provide adequate  inform ation 
about all the  im p o rtan t surface portions.
(V ) O R O G R A P H IC  A N D  H Y D R O G R A P H IC  E L E M E N T S
The orographic and the hydrographic elem ents are represented on the general 
geomorphological m ap of H u n g ary  by con tour lines p lo tted  a t intervals of 
50 m altitude. In  addition, four categories hav e  been established for denoting 
m orphom etrically th e  relative differences in elevation (differences in elevation
Fig. 72. Landscapes of Hungary
a — B oundaries of m a jo r  lan d scap es , b — b o u n d a rie s  of m e d iu m  landscapes
I — G rea t P la in : 1 — M ezőföld, 2 — B ác sk a  loess p la tfo rm , 3 — san d y  R id g e  o f  th e  D an u b e—Tisza M id- 
R egion, 4 — N y írség , 5 — H a jd ú ság , 6 — M aros— K őrös M id-R eg ion , 7 — D rá v a  R eg ion  w ith  O rm á n sá g ,
8 — L eft R iv e ra in  o f th e  D an u b e , 9 — L o w er T isza Region, 10 — M iddle Tisza R eg ion , 11 — Jászság  (Z a g y v a  
B asin ). 12 — B o d ro g k ö z  w ith  R étk ö z , 13 — S za tm ár-B ere g  P la in , 14 — K őrös R eg io n , 15 — a llu v ia l s lo p e  
o n  th e  n o rth e rn  p a r t  o f th e  G re a t P la in
II  — L ittle  P la in : 1 — G y ő r B asin , 2 — G y ő r—T a ta  T e rra c e  R egion, 3 — M arcal B asin
III  — S u b a lp in e  R eg ion : 1 — S o p ro n  a n d  K őszeg M o u n ta in s , 2 — G ravel S h ee t in  th e  T ra n s-R ab a  R eg io n , 
3 — Vas R idge a n d  L ow er ő rsé g , 4 — W e ste rn  Zala H ill R eg io n  (H etés and  K erk a  R eg ion ), 5 — G öcsej, 6 — 
K em eneshá t
IV  — T ra n sd a n u b ia n  H ill R egion: 1 — E a s te rn  Zala H ill R eg io n , 5 — Is lan d  M o u n ta in s  of B aran y a :
V — T ra n sd a n u b ia n  C en tra l M o u n ta in s : 1 — B ak o n y  M o u n ta in s , 2 — V értes  a n d  V elence M o u n ta in s , 
3 — G erecse M o u n ta in s , 4 — B uda a n d  P ilis  M ountains, 5 — V isegrád M oun ta in s:
VI. C entral M o u n ta in s  of N o r th  H u n g a ry :  1 — B örzsöny  M o u n ta in s , 2 — N ó g rád  B as in , 3 — M átra  M o u n ­
ta in s ,  4 — C serh á t, 5 — K aran cs  a n d  M edves, 6 — S a jó  B a s in , 7 — B ükk M o u n ta in s , 8 — A ggtelek K a r s t ,
9 — C serehát, 10 — Z e m p lé n  M ou n ta in s
of the  relief under 20 m; 20 to 50 m; 50 to  100 m; over 100 m). These differences 
are represented by orange-coloured, do tted , broken lines, or by th in  and thick 
continuous lines of the  same colour.
The hydrography consists of rivers, of all canals, lakes, marshes and of the 
im p o rtan t m ajor springs.
H eight da ta  which m ight be im p o rtan t for orien ta tion  and for the  m orpho­
logical forms are indicated, and thejboundariesof the settlem ents are schem ati­
cally plotted.
The m anuscript sheets of our synoptic m ap which is being prepared on the 
basis of the principles and methods outlined above have a scale of 1 : 100,000. 
They have occasionally been reduced to  th e  scale of 1 : 200,000.
The draft m anuscripts of the geomorphologists have been plotted  partly  
on scale 1 : 75,000, p a rtly  on scale 1 : 100,000. The geomorphological m anu­
script maps of th e  Danube—Tisza Mid-Region, th e  Nyírség, th e  L ittle 
P lain and the Transdanubian Hill Region have been completed (Fig. 72).
Furtherm ore we plan to represent th e  age of the surface on a separate  m ap 
by using the above-m entioned data. W e intend 1o plot this m ap by associating 
the  age indications w ith  the trend of morphological evolution which would 
illustra te  the  degradation of the surface as well as its aggradation. This m ap 
would also serve as a basis for p lo tting  the  scheduled m ap of soil erosion.
At present, the detailed geomorphological m apping (1 : 25,000, 1 : 10,000) 
and the preparation of model m ap sheets are under w ay, and the detailed 
m apping of soil erosion is being sta rted .
The fundam ental principles of detailed  geomorphological m apping roughly 
correspond to those of the preparation of our synoptical geomorphological 
m ap, but its legend is, of course, considerably more ample.
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CHAPTER 11
INVESTIGATIONS INTO T H E  M ORPHOGENETICAL EVOLUTION
a) General Exam ination o f Morphogenesis
D uring the last decades the backbone of physiographic investigations has 
been the research in to  the developm ent of th e  ea rth ’s surface. Morphogenetics 
has been the strongest branch of physical geography and geomorphology not 
on ly  in Hungary, b u t also abroad. The fundam ental m ethod of research into 
surface evolution based  upon th e  new discipline of climatic geomorphology 
w as developed in our country  by  Béla Bulla in the  early fifties (Bulla 1954— 
1956). His theory  w hich he called dynam ico-evolutional, com parative-function­
al, dialectic geom orphology and  his m ethod of investigation have exerted 
a decisive influence on research. According to  his theory, th e  development 
of the relief is n e ith e r cyclic, as suggested by D avis’s theo ry  of the cyclic 
recurrence of erosion, nor does it consist of ascending and descending quanti- 
ta tiv e  changes, as supposed by  W . Penck, b u t is necessarily a rhythm ical 
process. A lthough em phasizing th a t  Davis’s theo ry  a t this tim e represented 
a progressive developm ent b y  firs t introducing the  theorem  of th e  constant 
evolution of th e  surface relief, B. Bulla considered Davis’s theo ry  unaccept­
able, irrespective of its  other shortcom ings, because it was essentially an tid ia­
lectic. Davis assum ed the norm al denudation to  involve cycles having invari­
ab ly  the same course and resulting  in  every case in identical phenom ena. Bulla 
objected to th e  finalist teleological a ttitu d e  of Davis’s theory . In  the term s 
of this theory, th e  norm al denudation  would almost consciously “ tend"’ 
to  denude the elevated  palaeosurface down to th e  base level. Bulla laid stress 
on the fact th a t  th e  feature-producing and modelling ac tiv ity  of the forces 
of denudation was n o t controlled by  any tendenciousness.
He likewise criticized W. P en ck ’s theory  which in terprets th e  developm ent 
of the  relief, and relies after all, on D avis’s teleology. In his paper Die morpholo­
gische Analyse P enck  (1924) also sets forth  his finalist approach. Although 
Penck started  from  th e  true fundam en tal law th a t  the surface relief is the result 
of an interaction betw een the ex terna l and the  in ternal agents, th e  only external 
agent he considered was the  fluvial erosion. W hereas Penck was right in 
recognizing th a t all th e  m ountain  ranges of th e  E arth , from the Poles to the 
E quator, are m anifestations of step-like peneplanation, he inferred from this 
fac t th a t peneplanation did no t depend upon clim atic zonation b u t was the  
resu lt of the aggregate effect of all the denudational agents and of the  
epeiro- and dictyogenic uplifts. B ulla has po in ted  out th a t  Penck considered 
th e  developm ent of the  surface to  consist of simple q u an tita tiv e  changes, 
and, as testified b y  his work Die morphologische Analyse, never realized th a t 
these turn  into q u alita tiv e  changes.
Bulla’s theory  of th e  rhy thm ical developm ent of the surface can briefly 
be summarized as follows: 1. T he variation  of th e  relief is a constan t, dialectic 
self-developm ent; 2. The developm ent is no t ideologic, b u t is determ ined
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by th e  to ta l work of th e  internal and  the external forces in itia ting  and 
influencing either strengthening or counteracting one another, i.e. dialectically 
changing in space and tim e; 3. The rhy t hm ic succession of the  stages of develop­
m ent, differing both quan tita tive ly  and  qualitatively, i.e. the  supersession 
of th e  decaying forms by  new developing forms and the accum ulation at the 
q u an tita tiv e  changes in to  qualita tive ones generally set in suddenly bu t are 
not explosion-like. The m ajor forms of the relief (m ountains, stepped land­
scapes, basins, valleys) are the  result of a rhythm ic developm ent over a long 
period pregnant w ith dialectical contradiction.
On the  basis of the  rhythm ical developm ent of the geographical m antle, 
the general laws of relief evolution have also been form ulated b y  Bulla: 
ua) The constantly  and rhythm ically  changing relief forms are in qualitatively  
different stages determ ined by  the qualita tive  relationships between th e  ex ter­
nal and internal forces, b y  the duration  of their ac tiv ity , by  the  lithological 
properties of the rocks and by  their areal extension, b) The rhythm ical process 
of m orphogenetical evolution depends on the in teraction of the rhythm ical 
endogenic movements and climatic changes, c) Hence, the E a r th ’s surface 
evolves in rhythm ically changing clim aticmorphological regions, being super­
imposed on m ajor s tru c tu ra l forms again of rhythm ical developm ent, d)  In 
their evolution, the individual m ajor structu ra l forms (massives, orogens, 
unstable shelves, stable shelves) exhib it qualitatively  diverging sculptural 
patterns in the  various clim atic morphological regions, although their struc- 
I ures are identical.”
b) Stages of Morphogenetical Evolution in Hungary since the Late Tertiary
Relying on the geological and geomorphological investigations, Bulla has 
tried to  confirm his th eo ry  of the rhy thm ical surface evolution b y  taking 
examples from the form ation of the relief in Hungary. H e has analysed the 
rhythm ical development of the relief in  H ungary since the  L ate Tertiary. 
According to  him the Miocene is the period from which the  s tructu ra l and 
clim atic rhythm s controlling the evolution of the geographical m antle can 
be revealed even in H ungary  by an analy tic  and com parative stu d y  of the 
surface features. In H ungary  there are, of course, pre-Miocene structu ra l 
forms, too, b u t no pre-Miocene forms produced by destruction and accum ula­
tion are available. The evolution of th e  country relief is divided by  Bulla 
in six rhythm ical stages.
The first stage of geomorphological evolution considered to  have begun 
w ith th e  Miocene is the period of areal denudation which succeeded th eS av ian  
orogenic phase. During th is stage the geographic cover was characterized by  the 
following features: epeiro- and dictyogenic upheaval, uniform  m ainland in 
T ransdanubia, vast m ainland in the n o rth  and the north-east. The clim ate 
was semitropical, humid. The relief developed by areal denudation and pene- 
p lanation processes, the proof of which can be found in the  Kőszeg, th e  Sopron 
and th e  Mecsek M ountains and the T ransdanubian Central M ountains. The 
form ation of semitropical tower karst features and of trunca ted -karsted  sur­
faces can be observed, firs t of all, in th e  B ükk M ountains and in the  Aggtelek 
K arst.
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The second stage took  place in th e  H elvetian—Tort onian times of theM iocene. 
This stage is characterized  by  faults in the Mecsek M ountains (S tyrian move­
m ents), by the d isin tegration  of th e  mainlands w hich had existed during the 
Lower Miocene, by th e  transgression of the sea and its archipelagic character. 
Development of an d esite  volcanism , of volcanic m ountains. Form ation of 
peneplain surfaces in  th e  block m ountains. Climate: sem itropical. Form ation 
of gravel sheets in  th e  Bakony, Sopron and Mecsek M ountains. The second 
s tag e  comprises even th e  S arm atian .
The third stage to o k  place in  th e  Lower Pannonian. I t  is characterized 
by  th e  over-all transgression  of th e  sea (inundating the largest p a rt of the 
country), by in tensive denudation throughout th e  m ainlands (peneplanation 
during  the Pliocene even in th e  volcanic m ountains of H ungary). Climate: 
exhibiting M editerranean features with corresponding natu ra l vegetation 
and  soil form ation (red  clays).
The fourth stage to o k  place in the  Upper Pannonian. I t  is characterized 
b y  over-all upheaval, d isin tegration  by faults of th e  gradually  uplifting portions 
of the  truncated-block m ountains, differentiation of the  basins of the G reat 
P la in  and of the L ittle  Plain, basaltic  volcanism (R hodanian phase). Climate: 
tem perate. C haracter of evolution of the relief: linear erosion (valley forma­
tion), karsting of tem p era te  zone type.
The fifth stage took  place in the upper Pliocene. It is characterized by the  
continuation of th e  over-all upheaval, disappearance of the sea, form ation 
of inner lakes, fluvial accretion of th e  lowland basins, form ation of the Palaeo- 
D anube and the  sy stem  of its tribu taries, by  th e  erosional incision of the  
Pannonian relief of T ransdanub ia and of the  northern  basins. Climate: 
gradually  cooling. C haracter of evolution of the  relief: deepening of valleys, 
degradation of slopes in  the m ountains, fluvial and lacustrine accretion in the  
lowlands and basins.
The sixth stage to o k  place in the Pleistocene and the Holocene. I t  is 
characterized by  tecton ic fau lt disturbances (R um anian— Baku phase), 
unequal uplifting of th e  block of the Central M ountains, by the additional 
sinking of the cen tra l p a r t  of the  L itte  Plain, of th e  marginal troughs and of the  
central and eastern portions of th e  G reat Plain. Climate: rhythm ical a lterna­
tion of the glacial, antiglacial, subarctic and oceanic types. Accordingly, 
during the glaciations th e  te rrito ry  of H ungary underw ent a inorphogenetical 
evolution charac teristic  of the  periglacial region exhibiting features of loess 
form ation and glacial loam  form ation, solifluction, periglacial stone fields, 
accretion of valleys, and  restric ted  karsting of lim estone surfaces. In in te r­
glacial times: tem p e ra te  type degradation of slopes, deepening of valleys, 
incision of terraces in  valley bottom s which had been covered by pebbles 
and  gravels. In  postglacial tim es: slight deepening of valleys alkalization 
in  th e  Great P lain, w idening of th e  flood plain of rivers, form ation of blown- 
sand areas and sand  forms. The present patterns of the hydrography also took 
shape at these tim es.
Bulla’s s ta tem ents, published in 1956, about th e  general evolution of the  
relief of H ungary can  be com pleted w ith some rem arks relying on the basis 
of recent investigations. In H un g ary ’s Mesozoic and Paleozoic block m ountains, 
clim atic conditions su itab le  for the  form ation of surfaces tru n ca ted  under the
effect of sem itropical areal denudation m ay have existed as la te  as the 
Miocene. This process appears to have extended well into th e  Lower Pliocene, 
hut in the Upper Pannonian and the U pperPliocene (in the course of the fourth- 
fifth stages), traces of the  form ation of pediments ( Fussflächen) can be 
observed. The marginal piedm ont benchlands and pedim ents of our Central 
M ountains are thus no simple products of block faulting of our form er pene- 
planed block m ountains, which would have been brought about by the  over­
all upheaval starting  a t the end of the U pper Pannonian as in terpreted  form erly 
by Bulla (1956a, 1958). On the o ther hand, the study of the  sixth stage has 
revealed the existence of several clim atic types. As regards the  times during 
which the cold-dry clim atic types of the glaciations were developed, we ascribe 
a relatively greater surface-shaping role to cryoplanation, as inferred from  the  
general spread of the cryoplanation horizons, derasional horizons and form a­
tions as well as from th a t of the periglacial slope deposits (Pécsi 1962f).
I t  is quite evident th a t  the derasional processes were not the only and 
principal factors modelling the relief of Hungary, because the periglacial 
clim ate lasted only for a small fraction of the Pleistocene. During the  p re­
dominance of the non-periglacial clim atic types the role of erosion, i.e. of 
valley form ation was definitive, and since erosion acted for a longer tim e, the  
valley landscape has rem ained characteristic in our m ountainous and hilly 
areas. A lthough the processes of fluvial erosion were thoroughly studied, 
little  inform ation on the surface-shaping function of th e  derasive processes 
has been obtained. Its  im portance is em phasized by the fact ih a t during the  
last glaciation this process was a decisive modelling agent and, owing to  the 
relatively short tim e th a t has elapsed since then, the  relief in m any places 
has preserved both  forms and sedim ents testifying to  th is fact. In  addition, 
certain  processes of derasion are active even today and exert a pernicious 
effect especially in our slope areas subjected to tilling. Therefore, the knowl­
edge of the developm ent and the laws of these processes is im portan t for 
practical purposes.
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CHAPTER 12
GEOM ORPHOLOGICAL EVOLUTION OF T H E  INDIVIDUAL 
REGIONS O F H UN GARY
Beside research in to  the  h istory  of the developm ent of th e  surface, the  
exam ination of th e  evolution of th e  individual regions of H ungary  has been 
th e  main and concrete  task  in  our research work. These investigations were 
carried out sim ultaneously  in  th e  surroundings of B udapest (Góczán, 
Marosi, Pécsi, Szilárd, Somogyi), in  the area of th e  Mezőföld (Ádám, Marosi, 
Szilárd) and in th e  H ungarian  section of the  D anube Valley (Pécsi) as well 
as in  the D anube—Tisza M id-Region (Pécsi, Szilárd). L a te r the develop­
m ent of the L ittle  P la in  (Góczán, Pécsi, Somogyi), of th e  gravel sheet 
beyond the R ába R iv er (Ádám), of the Somogy—Tolna Hill Region (Ádám, 
Marosi, Szilárd) and  of the region of Lake B alaton  (Góczán, Marosi, Szilárd) 
was studied.
a) Development o f the Buda M ountains and o f the Pest P lain
The GRI has set itself, above all, the  task  of examining th e  physical geogra­
p h y  of Budapest. The outstanding  representatives of the disciplines related 
to  geography h av e  also been draw n into this work. This has resulted in the  
publication of th e  m onograph Physical Aspect o f Budapest compiled under 
th e  direction of th e  G R I. It comprises the synthesis of the geology (F. Horu- 
sitzky, F. Szentes, L. Szó'cs, Z. Schréter), th e  geomorphology (L. Góczán, 
S. Láng, J. Szilárd, Pécsi, Marosi), the  clim atology (N. Bacsó), the hydro­
graphy and hydrology (W. Lászlóffy, L. Góczán, S. Somogyi), as well as of the  
biogeography (B. Zólyomi) and soil geography (Z. Fekete) of B udapest and 
its  immediate surroundings by  outstanding  specialists. The book is not a purely 
geographical w ork, b u t  an excellent synthesis of the  ecological conditions 
of Budapest.
Encouraged b y  th is  work, th e  GRI has endeavoured to publish a physio­
graphic synthesis of th e  m ost recent scientific results obtained in the field of 
th e  physiography and  of the re la ted  sciences. The result is a book, The Physical 
Geography of B udapest, based on a broad lite ra tu re  and on our more recent 
researches, describing the  com plex history of the  form ation of the Buda Moun­
tains and the P est P la in  (Pécsi 1959c).
The geographic s tru c tu re  of the  landscape, the  surface relief of the B udapest 
area have a tw o-fold aspect: th e  very  intensively articulated  Buda M ountains 
on the right b an k  of the  D anube, and one section of the terraced Danube 
Valley, the so-called P est P lain, on the left bank.
The Buda M ountains are peneplaned block m ountains of medium height 
(350 to 550 m a. s. 1.) arranged in  mosaical juxtaposition , m ade up mainly 
of a series of Mesozoic horsts and dissected by  small basins and by faulted 
valleys exhibiting solid outlines.
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Fig . 73. Morphogenesis of the Pest Plain section of the Danube Valley since upper Pliocene
a  — m orpho log ica l a n d  geological v iew  in  u p p e r  P liocene (A stian  stage), b — a t  th e  beg inn ing  of P leistocene (Giinz G lac ia tion), c  — cross-section  in  th e  ea rlie r  
P le istocene  (M indéi g lac ia tion ), d — presen t d a y  geom orplio logical an d  geological cond itions;
I — S zécheny i H ill, II  — M árton  H ill, III  — Sas H ill, IV — G ellért H ill, V — D anube, VI — N ag y k ö rú t, M e z ő im re  s tre e t, V III — R ák o sk eresz tú r ce m e te ry , 
IX  — R ákoshegy  ra ilw a y  s ta tio n , X  — E rd ő  H ill, X I — P a laeo -D anube , X II — dep o sit a re a  of a lluv ia  from  th e  D an u b e  an d  its  tr ib u ta r ie s ;
1 — do lom ite , 2 — B uda m a rl, 3 K iscell c lay , 4 — M editerranean  beds, 5 — S a rm a tia n  clays, 6 — S a rm a tia n  lim estone , 7 — P an n o n ia n  clay , 8 — P an n o n ia n  
san d , 9  — u p p e r  P liocene san d , 10 — P le istocene  g ravel, 11 — tra v e r tin e , 12 — blow n san d , 13 — flu v ia ti le  s an d  an d  s ilt, an th ro p o g en eo n s filling , 15 — f ra c tu re  
fau lt, 1G — p re se n t d a y  su rface
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The Buda M ountains are the easternm ost part of the  truncated  Mesozoic 
block m ountains of the platform  type, crossingin SW—NE direction a consider­
able part of Transdanubia. The form ation of their relief can be traced  back 
to  the  beginning of the Mesozoic era. The limestones and dolomites m aking 
up the base and the bulk of the Buda M ountains were form ed during th e  upper 
Triassic in a sea of medium  depth. In  th e  subsequent periods of the Mesozoic 
era, m ost parts of the m ountains appear to  have already formed a m ainland 
due to an upheaval of th e  territory. This is proved by the  fact th a t no deposits 
of Jurassic and Cretaceous seas have been preserved. The fragm entation  of the 
Buda M ountains into blocks began already at the end of the  Mesozoic era, 
i.e. during upper Cretaceous epoch. A t the  beginning of th e  T ertiary , during 
the Eocene, certain portions of the m ountains submerged owing to  crustal 
movements.
In  the  area of the B uda M ountains th e  Triassic blocks emerged as islands 
from the Eocene sea, while the area of the  Pest Plain rem ained a coherent 
m ainland during most of the  Eocene. The num m ulitic limestones and bryozoan 
marls locally covering the dolomites were deposited in this period. On th e  o ther 
hand, in certain  sm aller basins there were shallow lagoons offering favourable 
conditions for coal form ation. On the  boundary between the  Eocene and 
Oligocene, in consequence of the intensification of crustal m ovem ents 
(Pyrenean movements), the north-w estern and western parts of the m ountains 
emerged from the sea and pronounced thrust-faulting  of the m ountains 
began. An intensive (infra-Oligocene) denudation s ta rted  on the emerging 
surface, while along the coast, coarse-grained sandstones and conglom erates, 
the  so-called Hárshegy sandstones, were accum ulated. They derived from  the 
crystalline massive which then was still exposed. In  the  eastern half of the 
m ountains the  territo ry  was sinking. The coast line of the  sea often changed, 
and the fragm entation into blocks went on. Since the mid-Oligocene th e  m ajor 
part of the Buda M ountains had been emerging, and only the  borders of ihe 
m ountains as well as their faulted valleys and smaller basins were covered 
by th é  sea. In  these w aters the Rupelian (Kiscell) clays were deposited, furn ish­
ing raw m aterial for th e  famous brickw orks of Buda since Rom an tim es. 
On the o ther hand, the present Pest side of the Danube was then  com pletely 
flooded by  the sea representing the  environm ent of deposition of Kiscell 
clays.
At the  end of the Oligocene the sea w ithdrew  from the region of B udapest, 
and not only the Buda Mountains, b u t also the Pest P lain became exundated 
for a certain length of time.
The ancient M editerranean Sea which ingressed at the beginning of the  Mio­
cene was also confined to  the southern foreland of the B uda M ountains and 
to  the outer parts of the Pest Plain. Being connected with th e  Buda M ountains, 
the  area which serves now as a substrate  for the houses of P est has rem ained 
dry.
A t th a t tim e the  Buda M ountains are likely to have been a low hill country , 
w ith  an undulating tropical peneplain surface. In  their surroundings a g rad u ­
ally deepening shallow sea was surging till th e  end of the T ertia ry  era.
However, at the end of the Tertiary, in th e  Pliocene, th e  Buda M ountains, 
themselves, began to subside again. Moreover, some of their southern blocks
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w ere inundated for a short tim e by tlie Pannonian  Sea which covered vast 
areas on the P est side of the Danube. This sinking was succeeded, again, 
by  an uplift th ro u g h o u t the region of B udapest so th a t the Pannonian Sea 
covering the H u n g arian  Basin w ithdrew  definitively from  th e  territo ry  of 
Hungary. N evertheless, the trav e rtin e  m antle, dating from  the end of the  
Pliocene to the beginning of th e  Pleistocene, which covers the  eastern and 
southern borders of th e  B uda M ountains, testifies th a t  m uch of the area 
represented, even th a t time, a surface lying m uch lower th an  its environment. 
In  fact, the trav e rtin e  was deposited at low levels, upon plane, lakey-m arshy 
surfaces lying close to  the  local base level of erosion. The 480 m high dolomite 
block, mantled b y  recent travertine , of the present Szabadság Hill did not 
ex ist during the form ation  of the travertine m antle (on the  Pliocene-Pleisto­
cene boundary). I t  rose to m ountain  heights as a result of the  intensive uplift­
ing effect of the  c ru sta l m ovem ents which s ta rted  a t the very  end of the Plio­
cene epoch and lasted  till th e  beginning of the Q ua te rnary  period. The 
Danube also appeared  a t this tim e on the eastern  border of the Buda Moun­
tains which m ay have represented a hill landscape w ith a relative height 
of 50 to 100 m as com pared to  the contem poraneous valley of the Danube, 
while at present tim e the  differences in level a tta in  300 to  450 m (Fig. 73).
Consequently, th e  relief of th e  Buda M ountains assumed its present shape 
under the influence of quite recent uplifts beginning during the  Q uaternary. 
T he erosive processes scoui ed ou t smaller valleys and ravines in  the m ountain 
body. On the o th er hand, young pedim ents, ta lu s slopes and cryoplanation 
terraces formed all round th e  m ountains under sem iarid, cold-dry climates 
of a periglacial ty p e  (Fig. 59). The slope loesses and the o ther slope deposits 
m antled the slopes of the m ountains, the valleys and the basins at the end 
of the Pleistocene, so th a t th e  barren  rocky slopes covered by  detritus quasi 
p u t on a dress. In  th e  Holocene the loess m antle  was intensively dissected 
by  the erosional ravines and gullies, which produced alluvial accretion in the  
soles of valleys.
After the regression of the Pannonian Sea th e  area of the Pest Plain was 
modelled and shaped  b y  the Palaeo-D anube which flowed across the Visegrád 
Gorge. During th e  Q u a te rn ary  era the crustal m ovem ents did not cease here 
either, but while th e  Buda M ountains were rising, the P est P lain sank to 
different degrees. The southern  p a rt of the P est P lain represents the northern 
border of the large kettle-like Q uaternary  depression of the  central area of the  
G reat Plain. T he D anube found its runoff tow ards this centre of the G reat 
P lain across th e  rhy thm ically  sinking m arginal subsidences. Being a portion 
of the Danube V alley, the P est P lain represents a m arginal transition  between 
th e  sinking G reat P la in  and the uplifting central mountains. A t the beginning 
of the Q uaternary  era the D anube built up an enormous alluvial fan in which 
it  was cut down repeatedly  by  th e  rhythm ical sinking of the  G reat Plain and 
formed a series of alluvial terraces (for details, see Pécsi 1960d and Section 
12c). Above th e  presen t flood plain, five additional Pleistocene terraces could 
be detected (Figs 1, 4, 74). In  the modelling of th e  Pest P la in ’s relief the wind 
also was a considerable agent, cu tting  and accum ulating blown-sand forms 
on the surface of the  terraces. In  addition, in the  periglacial an im portant 
role was played by  frost action. The left tribu taries of the Danube scoured
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Kis tarosa
Fig. 74. Cross-section along the D anube Valley between Óbuda and Kerepes
1 — F lood  p la in  s ilt, 2 — b lo w n  sand , 3 —■ loess w ith  slope d eb ris , 4 —■ loess, 5 — te r ra c e  g ra v e l a n d  sand , (I—V ), G — tra v e r t in e ,  7 — u p p e r  P liocene f lu v ia ti le  san d , 8 — P a n n o n ia n  c lav  and  s a n d , 9  — M ad ilerranean  b e d s , 10 — K iscell 
c la y  (Oligocene), 11 — B ry o z o a n  a n d  B u d a  m a rl
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out broad  valleys in th e  surfaces of th e  higher terraces. The direction of their 
flow is very  distinctive because a t th e ir mouth th ey  flow in a d irection  which 
is inverse to th a t of their drainage. T he direction of their flow and  of their 
valleys, as well as certain  reaches of th e  Danube, have been defined by the 
tecton ic lines still active to-day.
b) Development o f the Hungarian Section of the Danube Valley
The age determ inations concerning- the form ation of the terraces and the 
horizons of the Danube have been accomplished b y  M. Pécsi (1956c, 1959a).
(i) F L O O D  P L A IN  H O R IZ O N S
F rom  the position of the  higher and  the lower flood plain levels (terrace I) 
Pécsi has inferred th a t  the  D anube has always had — as also in m odern times — 
a lower and a higher flood plain horizon. The difference in height betw een them 
is due to  the differential modelling effect of the extrem e values of th e  water 
regime. Forms of transition  m ay also exist between the  two extrem e values, 
i.e. th e  difference of age between th e  form ation of th e  higher and lower flood 
plains is not always a proper age difference. In the G rea t and the L ittle  Plains 
bo th  horizons m ay da te  even from  th e  late Holocene. In the reaches of the 
D anube corresponding to  the cen tral m ountains, th e  body of the higher horizon 
of th e  flood plain is largely covered b y  early Holocene Danube deposits, and 
the la te  Holocene silt cover appears to  be dry th in . In  the subsiding lowland 
reaches of the Danube th e  higher horizon of the  flood plain is b u ilt up by 
alluvial fan-like forms. T hat is w hy flood plain horizons of equal altitude 
m ay consist either of la te  or of early  Holocene sedim ents. However, even 
Pleistocene sediments m ay lie w ith in  th e  flood p lain  horizon, as in  the case 
of th e  edges of the recent alluvial plains (Fig. 42).
(ii) T E R R A C E S *
The accretion of terrace II bv  gravels can be re la ted  to the end of the late 
Pleistocene. Its incision took place during postglacial times, th is terrace is 
generally  covered by blown sand b u t never by typ ical loess. Its characteristic 
fauna is Elephas primigenius. In  th e  u pper part of th e  gravel terrace  the  rem­
nan ts of cryoturbation forms due to  periglacial soil frost can be seen.
T he accretion of terrace Il/b  by gravels may d a te  from the end of the late 
P leistocene (from th a t of the W ürm  in terms of the  nom enclature adopted 
in H ungary , and from  the  late Riss according to B iidel’s Pleistocene chrono- 
logy). The m aterial of the terrace is covered in m any  places by  th ick  loess 
or sandy  loess. Its  v erteb rate  fauna is characterized by  the ancien t form of 
Elephas primigenius. In  the upper horizon of th e  terrace m aterial the  rem­
* The river terraces from the flood plain horizons tow ards the older and higher terraces 
have been marked w ith Rom an numerals du ring  the last three decades in the H ungarian  litera­
tu re  on terrace morphology. This mode of m arking has been generally adopted so th a t any 
change in  it  would cause trouble. Therefore, even though no t considering th e  flood plain 
horizon I to  he a real terrace, the au th o r still applies the old denomination (see Table I)
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nants of the  cryoturbation  features reflecting the  effect of the  glacial soil 
frost are frequent. These features are much larger and  more com plex th an  the 
sim ilar phenom ena of the  form er terrace. There appear two subsequent gener­
ations of frost phenom ena (Fig. 43).
The correlation of the form ation of terraces perm its us to  relate th e  accretion 
of terrace III by gravels to  the  m iddle Pleistocene. In  some cases th e  terrace 
could be proved to da te  from  the  m iddle Pleistocene, and probably from the 
Hiss glaciation (findings of Elephas antiquus).
The filling of terrace IV w ith gravel can be re la ted  to the early Pleistocene 
(Mindéi glaciation). Its  verteb ra te  fauna has been assigned to th e  horizon of 
Elephas trogontherii. The date  from  the region of B udapest suggest th a t the 
dow ncutting of this terrace began under the influence of the in tensive crustal 
m ovem ents tha t had s ta rted  at the  end of the M indéi glaciation.
F i g . 75. Cross-section betw een Dunaszentmiklós and M adar
1 — P a n n o n ia n  clay , 2 — P a n n o n ia n  c lay ey  s a n d , s a n d y  clay, 3 — te r r a c e  g ravel an d  s a n d  o f d iffe ren t age 
(te rrace  I — V II), 4 — tra v e rtin e , 5 — loess, 6 — s ilt
On th e  basis of the m orphological and stratigraphical position of terrace V, 
we can date  its form ation from th e  early Pleistocene. I t  is younger th an  the 
extensive, high-seated travertine  m antle  known from  the  region of Budapest 
and from  the northern  border of th e  Gerecse M ountains. The rem nants of 
M am m ut (Mastodon) borsoni occurring in it were recently (1953) related  by 
K retzói to  the Giinz glaciation. The gravels are dissected in the gravel quarry  
situated  on the Sas Hill a t Pestlőrinc by  two cryoturbation  horizons character­
ized b y  frost sacs and ice wedges (Fig. 45).
In  th e  m ountainous sections of th e  Danube, a t least two terraces (V and VI) 
correspond to the huge alluvial fan  of the B udapest district (terrace V). 
On the  northern  border of the Gerecse Mountains and in the Visegrád Gorge, 
terrace VI was also filled w ith gravel at the beginning of the  Pleistocene 
(Figs 74— 76).
Terrace VII known from  the m ountainous reaches of the D anube is upper 
Pliocene in age; south of D unaalm ás—Neszmély, i t  underlies travertines 
dating from the Giinz glaciation. Nevertheless, it  is quite possible th a t the 
terraces m ade up of coarse-grained gravelly deposits all belong to  th e  Pleisto­
cene. The Pleistocene was nam ely th e  st arting point of a phase in fluvial erosion 
which produced immense quantities of coarse-grained sediments, in contrast 
to the deposits of previous periods.
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Fig. 76. Cross-section of the D anube Bend from Vác to Tahi
1 — O ligocene d a y ,  2 — O ligocene s a n d y  c lay , 3 — flood p la ins o f  d iffe re n t he ig h t a n d  te r ra c e  d a tin g : I from  th e  H olocene, i I In fro m  th e  e n d  of W iirin, l l lb  from  th e  beg inn ing  of W orm , IV from  M indet V o r  VI from  G iinz — D re-G tinz d a c ia tio  
4 — loess w ith  one o r  tw o  fossd  lo a m  zones, 5 — blow n sand , C — s a n d y  flood p la in  s ilt ;  H w l  — h igh  w a te r  le v e l ’ . c o  z 1 '"  ‘ 8 “ “ " "
N
Above sea level 
160 m Nyerges Hill
F i g . 77. The location of the D anube terraces on the margins of the L ittle  Plain
1 — F lu v ia tile  m u d , 2 — loessv  m u d , 3 — W indblow n sand , 4 — loessy sand , 5 — te r ra c e  g ravel an d  s a n d  6 — P an n o n ia n  c la y  a n d  sand
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The thick, cross-bedded sands on the  border of the Li l tie P la in  and in  the 
region of Gödöllő—Isaszeg are certainly upper Pliocene (A stian substage). 
They can be conceived as a deltaic form ation of the Palaeo-D anube and of 
its tribu taries which came into being on th e  northern  m argin of the inner lake 
system  still existing in the G reat Plain during  the upper Pleistocene.
(iii) IN T E N S IT Y  O F T H E  P L E IS T O C E N E  CRU STAL M O V EM EN TS AS SU G G E S T E D  
B Y  T H E  D ISLOCA TIO N S O F  T H E  D A N U B E  T E R R A C E S
In  the  fu rther discussion we shall refer to  the  longitudinal section showing 
the  patterns of the Danube terraces in w hich a short sum m ary of our terrace- 
morphological investigations carried ou t so far is presented (Fig. 1). The 
in tensity  and the age of the  tectonic m ovem ents th a t subsequently  raised 
or lowered the  synchronous terraces to  d ifferent levels can also be inferred 
from th e  patterns of the terraces. For instance, we can prove th a t the  
differences in level caused by  tectonic m ovem ent since la te  Pleistocene tim es 
appear to  am ount to  about 10 to 20 m as a whole. These figures vary  locally 
and comprise several stages. The results of th e  terrace-m orphological investiga­
tions perm it us to estim ate even the in ten sity  of the crustal m ovem ents th a t  
took place during the whole Pleistocene in some well known reaches of the  
Danube Valley. For instance, in the region of Budapest, betw een Mogyoród 
and Vecsés, differences in level of about 130— 150 m can be m easured on the 
surface of the  early Pleistocene terrace V (Fig. 1). Moreover, in the section 
between the Visegrád Gorge and the sou thern  part of B udapest, we m ay 
reckon w ith  even greater relative m ovem ents ranging from  200 to  250 m 
for the same terrace.
If the  dislocations of different am plitudes which set in afte r the  form ation 
of the  terraces in the individual sections are not considered or detected, the  
synchronous terraces cannot be exactly identified and correlated. I t  follows 
th a t  the correlation of the higher terraces, in which com m only there is 
no fauna of stratigraphic value available, cannot be accomplished m erely on 
the  basis of the da ta  of their relative altitude.
The exact knowledge of the am plitudes of posterior terrace  dislocations 
in a given valley section, the  lithological analysis of the rocks m aking up 
the  terraces, the  degree of roundness of th e  gravels, the stratig raph ic position 
of the  terrace m aterial as well as the re la tive  height of th e  terraces w ith in  
certain  valley profiles have provided inform ation and evidence for the corre­
lation of the terraces of the  Danube over reaches though of different length 
bu t of roughly the same geological structu re .
iv )  P O S S IB IL IT Y  O F T H E  S Y N C H R O N O U S  F O R M A T IO N  O F  D A N U B E T E R R A C E  SYSTEM S
The stric tly  synchronous filling (e.g. w ith in  one glacial phase) w ith  gravels 
and the dow ncutting of certain  terraces of th e  Danube over its longer reaches, 
i.e. the  synchronous form ation of the terraces is still very  controversial. 
Many examples testify  th a t, even in the case of the Hungarian reaches of the  
D anube, we cannot insist on a strict synchronism  in the form ation of th e  
individual terrace horizons because of th e  prevailing d iversity  of th e  local
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conditions. Pécsi becam e even more convinced of the rightness of the above 
statem ent while correlating the terraces of tlie H ungarian , Austrian and R u ­
manian sections of the D anube. For example, during the formation of the  older 
alluvial fan of th e  L ittle  P lain, i.e. while the  terrace form ation was in terrup ted  
until the m ajor interglacial period, three D anube terraces (those of Laaerberg, 
W ienerberg and  Arsenal) formed in the  region of Vienna. In  the centre of th e  
L ittle Plain, in th e  Moson Depression, th e  rhythm ical subsidence proceeding 
since the beginning of the  m ajor interglacial period resulted  in the form ation 
of a younger alluvial fan  and no terraces were formed, while in the region of 
Vienna and in the  eastern  half of the L ittle  P lain (Fig. 77) four younger 
terraces were scoured out (Pécsi 19576, 1959a).
(v) M ECH A N ISM  O F  T H E  F O R M A T IO N  O F T H E  D A N U B E  T E R R A C E S
The form ation of the  terraces of the D anube cannot he explained sim ply 
by the clim atic theo ry  of terraces; Pécsi’s observations suggest th a t  th e  
formation of th e  D anube terraces was a result of the aggregate effect of th e  
crustal m ovem ents and of clim atic changes. As far as the m ountainous 
reaches of th e  D anube are concerned, the role of the crustal m ovem ents 
should be em phasized, first of all, as their effect seems to  have been decisive. 
The im portan t function of the  crustal m ovem ents in the formation of the  
terraced D anube Valley is sufficiently proved by th e  fact th a t in the L ittle  
and the G reat P lains the  older Danube deposits lie a t depths of several h u n ­
dred metres. H ow ever in th e  central m ountainous reaches of the D anube, 
the gravels w hich m ay be firm ly held for D anube terraces are encoun t­
ered even higher th a n  200 m  above the  Danube level. The formation of th e  
reaches of th e  D anube Valley section, such as th e  150 to 200 m  deep 
valley w ith 7 to  8 terraces of th e  reaches between D unaalm ás and Vác, can ­
not be in terp re ted  sim ply by  the  clim atic theory  of terraces (Figs 2, 3).
If the effect of crustal m ovem ents is disregarded th e  formation of such 
valley sections are unexplicable not only because even the  horizons belong­
ing to the sam e terrace  system  have shifted to  different relative heights, 
bu t also because the rhy thm ical climatic changes would not be able to produce 
deep valleys unless rising m ovem ents were involved.
Nevertheless, the clim atic effect has had an im p o rtan t part in the filling 
of the terraces w ith  gravels: the  unrounded boulders reaching to 0.3 to  1.0 
m in diam eter tes tify  th a t th e  tim e of th e  filling w ith  gravels coincides w ith  
the glaciations, for it is obvious th a t these unrounded blocks could be inserted  
among the sm aller rounded gravels only if em bedded in  ice.
Pécsi’s observations suggest th a t the  filling w ith  gravels coincided in  a 
number of terraces w ith  th e  first half of the glaciations, and th a t the  m ore 
vigorous crusta l m ovem ents can be assigned to  th e  beginning of the  in te r­
glacials, in ce rta in  cases to  the  end of th e  glaciation (e.g. Mindéi).
Reiving on the  results of earlier investigations (Schafarzik 1918, Kéz 
1933a, b, 1939, Szádeczky-K ardoss 1938, Bulla 1936, 1939, 1941, Süm eghy 
1939, 1948, 1953) and his own studies of ten  years, Pécsi briefly sum m a­
rized the h isto ry  of developm ent of the H ungarian  reaches of the D anube
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(vi) C H A N G ES IN  T H E  D IR E C T IO N  O F F L O W  O F  T H E  D A N U B E  IN  H U N G A R Y  SIN CE 
T H E  A P P E A R E N C E  O F T H E  R IV E R
The Palaeo-Danube m ade its appearance in our country after the re trea t 
of the  Pannonian Sea, i.e. a t the beginning of the upper Pliocene. In itia lly , 
it  m ay have followed a southern tren d  shown by E. Szádeczky-K ardoss 
flowing across the  fluvio-lacustrine drainage system in th e  southern p a r t 
of th e  L ittle  Plain, roughly along the  presen t valley of th e  D ráva tow ards 
the D ráva Depression. A t tha t tim e it  term inated  probably  in the  inner 
lake system  of the southern  part of the  G reat Plain. This inner lake system  
was probably connected through the Iron  G ates to the L evantine inner lake 
system  of the R um anian Plain.
The Palaeo-Danube found its path  th rough  the Visegrád Gorge tow ards 
th e  G reat Plain in the second half of th e  upper Pliocene. It joined the inner 
lake system  of the central part of the G reat P lain in the region of the  B uda 
M ountains and filled the  depressions of th e  G reat Plain w ith  sedim ent by 
flowing across the Buda Mountains. The com m unication through the  Iron 
G ates eastwards persisted further on. B y th e  end of the upper Pliocene the 
orographic patterns differed considerably from  the present orography. The 
volcanic mountains between Esztergom  and Visegrád and the southern part 
of the  Börzsöny as well as the Buda M ountains (i.e. the H ungarian  Central 
M ountains in general) were substan tially  lower th an  today, i.e. our Central 
M ountains did not form such a sharp orographic boundary betw een the L ittle  
and th e  G reat Plains as they do now adays. Since the upper Pliocene tim es 
th e  region of the actual Visegrád Gorge has risen to form m edium -high m oun­
tains. The declination of the  Danube tow ards the Visegrád M ountains — as 
inferred from several partia l data  — is very  likely to have been directed 
by  crustal movements. This is suggested m ainly hv the fact th a t  in the Visegrád 
Gorge the L eithakalk cover was dislocated to very d ifferent levels in the  
Pliocene. The Palaeo-Danube may thus have formed a nearly  norm al grad ien t 
curve between the L ittle  and the Great Plains.
This direction of flow between the two Plains was not durab ly  changed 
essentially by the intensive crustal m ovem ents starting  a t the Pliocene- 
Pleistocene boundary, either. Moreover, during the Pleistocene, the gradual 
intensive sinking of the  Great Plain in th e  eastern foreland of th e  Buda M oun­
tains forced the river to cut down and to scour out a deep, terraced valley 
in its central m ountain reaches. The D anube had developed the Visegrád 
Gorge in an intercolline depression w hich gradually rose during the P le isto­
cene so th a t also an antecedent valley form ation set in.
B. Bulla suggests also the possibility of valley form ation by  capture, and 
L. K ád ár th a t of regressive valley form ation  (Marosi 1959).
In the  Pleistocene the Danube crossed th e  G reat Plain in SE  direction, b u ild ­
ing in its way a huge alluvial fan and flowing towards th e  large central 
depression of the G reat P lain which was situated  in the Trans-Tisza Region. 
Following the changes of the younger m arginal troughs, it shifted over its 
alluvial fan more and more to the west. In  the middle Pleistocene its course 
was probably directed SSW across th e  area between the presen t Danube and 
Tisza Rivers. Its w estern boundary ran along the edge of th e  Mezőföld p la t­
form which was then  situated  25 to 30 km  fu rther east and was lower th an
i t  is now. I ts  present general N—S direction of flow along the  western border 
of the G reat P lain was assum ed in th e  la te  Pleistocene likewise under the  
influence of a recent depression. Since the  second half of the  late Pleistocene 
it has been building its  alluvial fan, at high floods, betw een Budapest and 
B aja in a long, 20 to 30 m wide belt.
c) Morphogenetic Problems of the Danube— Tisza M id-Region
The most vexing questions are and have always been th e  extention of the  
alluvium of the  D anube in the area betw een the two rivers; the tim e when 
the  Danube occupied its present valley running N—S; whether it flowed 
during the Pleistocene in SE  direction diagonally across th e  area, and if so, 
exactly when? From  a practical point of view it is also im portant to know 
how thick is th e  fluvial filling and how m uch the Q ua te rnary  crustal m ove­
ments are responsible for th e  deposition of alluvium  and for the development 
of forms.
The answers to  these questions have been very different according to  th e  
current stage of the  application of scientific research methods.
Having taken  into consideration the results obtained earlier and the  conclu­
sions drawn from leng thy  discussions, M. Pécsi re-weighed these results 
on the basis of his own observations. For this purpose, he studied the s tra t i ­
graphic columns of m ost artesian  wells and  prospecting boreholes, and per­
formed num erous m easurem ents in m ineralogy and petrography, on heavy  
minerals and on the roundness of alluvial gravels and pebbles.
The application of these m ethods perm itted  us to enhance the effectiveness 
of the geographical investigations and to  provide a m ore exact basis for geo­
graphical judgem ent.
The deposits of ihe  lowland alluvial fan  of the D anube and its features 
which have been preserved up to date could be disclosed in  a most consistent 
and most dem onstrative w ay between Vác and B udapest (Fig. 4).
In the upper Pliocene, when the D anube and the Inner C arpathian rivers 
began to issue from th e  m ountains upon the  G reat P lain, th ey  were accum ulat­
ing, for a very  long tim e, enormous am ounts of coarse sands in these reaches, 
along the line of Gödöllő— Isaszeg. A fter th e  regression of the Pannonian  
Sea these cross-bedded (Astian) sands were deposited and formed a delta  
on the border of the rem anen t shallow inner lake system . Owing to its accre­
tion, the inner lake g radually  shrank so th a t the deposition of sands expanded 
towards the  centre of th e  G reat Plain, too.
The initial phase of th e  Pleistocene period during w hich well discernable 
intensive crustal m ovem ents and the above-m entioned process of sedim entation 
had taken place, was succeeded by a period of large-scale erosion. The sands 
which had been accum ulated  within the range of the afore-m entioned reaches 
of the Danube were deeply eroded throughout the area of the Pest P lain. 
The Danube bu ilt an enorm ous gravelly alluvial fan for a long time, up  to  
and during the  Giinz glaciation (terrace V). In the Pest Plain this gravelly 
alluvial fan is found on the  surface at heights of 130 to  250 m, while in the 
region of N agykőrös— K ecskem ét it has been encountered in boreholes a t
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depths of 250 to  300 m. This m eans th a t it has gradually sunk w ith  the sinking 
of the G reat Plain.
In  the P est Plain, besides th e  alluvial terrace, four additional lower terraces 
can be detected: Il/a , Il/b  (W ürm  glacial terraces), III (Riss), IV (Mindéi glacial 
terrace). The th ree older terraces issue SE in the  southern p a r t of the P est 
Plain. Alone the lowest one, i.e. terrace I l/a , continues S. I t  can be inferred 
therefrom  th a t  the Danube flowed in the direction corresponding to  its present 
course, i.e. from  the north to  th e  south, only during the deposition of the  
m aterial of this la tte r terrace.
On the southern  margin of th e  Pest P lain the  four terraces of the D anube 
(terraces Il/b , III, IV, V) discontinue on th e  surface, and th e  river alluvium  
continues SE m ore and more deeply under th e  surface in the d irection  of Kecske­
mét-—Kiskunfélegyháza and, w hat is more, in  norm al stra tig raph ic  succession 
w ith the oldest terrace at the  base overlain successively by th e  younger ones.
The sedim ents on the ridge of the D anube—Tisza M id-Region are not 
prim ary deposits of the D anube, bu t m ainly blown sands w ith  subordinate 
loesses. However, the blown sands have been redeposited from  the alluvium  
of the Danube. In  fact, the  D anube flowed in  its present north -sou th  valley 
at least during the  last glaciation and ever since. Accordingly, in the W ürm  
glaciation and  the  Holocene, eolian deposits have formed in  th e  Danube— 
Tisza Mid-Region. The thicknesses of these deposits may exceed even 20—40— 
60 m, for in th e  present valley of the Danube th e  thickness of th e  synchronous 
river sedim ents also reaches 20—40—60 m. According to th is, when consider­
ing the  analyses of the sedim ents, the narrow  troughs — pans — w ith solid 
outlines running SE in the area in question cannot be held as form er channels 
of the Danube (Miháltz 1950, 1953, Láng 1960, Pécsi 1959a , 19606) as it was 
believed earlier by  several authors. The fluvial sediments of the Danube 
are encountered much deeper. In  addition, these valleys runn ing  SE are so 
narrow (20 to  200 m) th a t th ey  cannot be conceived as D anube channels, a 
considerable p a r t of the sands present in them  being blow n sands. The 
blown sands are overlain by calcareous silts or by meadow clays and m ead­
ow limestones. This fact also suggests th a t  they have been deposited 
from slowly flowing and in term itten tly  stagnating  waters d irected  from th e  
w atershed of th e  area in question towards th e  Tisza, or N W  towards th e  
Danube. Their form ation s ta rted  during the  Pleistocene, since also the earlier 
Pleistocene troughs have been locally buried  with loess. T he loess b lan ­
kets ad just themselves to th e  undulation of the  relief. On th e  other hand, 
in the surroundings of K ecskem ét—Lajosmizse, natron lakes are arranged 
parallel to one another in N W —SE direction in such depressions filled w ith  
loess.
I t  could not yet be definitely established w hat surface-shaping forces were 
more active in the form ation of these sm all troughs runn ing  consistently 
NW —-SE in which these minor, slow w ater stream s often occur. We are no t 
y e t sure w hether the wind or th e  fluvial erosion or both have acted along the  
tectonic lines. W e must probably  reckon w ith  the combined modelling effect 
of several agents.
On the surface of the ridge th e  following blown-sand features create larger 
form groups: wind-blown furrows, mounds, longitudinal end dunes, and residual
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ridges. They form, all together, several peculiar dune areas (B ikatorok, 
Agasegyháza, Bocsa, T ázlár, Illancs, Pusztam érges).
Most of these forms d a te  from the Holocene. This is proved, for instance, 
by  the fact th a t  the  sand dune cover of Illancs rests on loesses. In these dune 
regions even th e  traces of the original p lan t com m unities of the H ungarian  
steppe type — poplars-junipers, sand steppe meadow — have been preserved.
Between the  areas covered with blow n-sand dunes th e re  are wide-spread, 
dammed, waterlogged oval pans directed from the  n o rth  to the south  as 
well as flat, trough-shaped, ill-drained basins. Their form ation  may be re la ted
Fig. 78. The wide alluvial flood plain of the D anube Valley as seen from Pahs 
(Photo E. Vajda)
to  damming by blown sands. Most of them  have already  been drained, b u t 
some relics of the boggy plant com m unities have survived (Lake Kolom, 
Lake Izsák, Meadow of Ágasegyháza).
The s tra ta  exposed in boreholes testify  th a t the southernm ost p art of the  
ridge, i.e. the  H ungarian  sector of the  Bácska Loess P latform , did n o t sink 
considerably during th e  Pleistocene. It was probably an  area situated outside 
the territo ry  of accum ulation of the  alluvium  of the  D anube which ran  SE 
in the Danube—Tisza Mid-Region. Before the form ation of the loess cover 
only the tribu taries issuing from T ransdanubia m ay have run across this 
area.
In the 20 to  30 km  wide Danube Valley, running N— S (Fig. 78) th e  lan d ­
scape forms are the results of the erosive and accum ulating activity of the 
Danube, unlike those of th e  ridge. A lthough besides th e  erosional m onad- 
nocks (Solti Hill, Tétel Hill) there are eolian mounds and river bank dunes
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F i g . 79. Danube terrace in  the G reat Plain
1 — P an n o n ia n  c lay  a n d  s a n d y  c lay , 2 — loess, 3 — s a n d y  loess, w ith  loes-like s a n d y  m u d  in  th e  u p p e r  zones, 4 — te rrace  g rav e l a n d  s a n d , 5 — flu v ia ti le  s a n d y  m ud, 6 — lo ess-lik e  sand and g ravel, 7 — s a n d y  flood-plain  m u d , 8 — f lo o d p la in  
m u d , 9 — w ind-b low n san d
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too, b u t th e  m ost frequent landscape form s are the rem nants m ostly filled 
up of the form er dead channels and oxbows (Fig. 79).
In  the course of the physiographical investigations in  th e  Danube—Tisza 
Mid-Region the  analysis of the drilling d a ta , profiles and sediments has per-
Fig. 80. Substratum  of the Pleistocene beds in  th e  Danube—Tisza Mid-Region related 
to  the sea level. According to  I. Urbancsek. The area lies 100 to 200 m a. s. I.
mit ted us to s ta te  th a t  the thickness of the  sedim ents deposited during the P leis­
tocene as well as after the Pannonian epoch is substan tially  greater th an  it 
was earlier believed to  be. The position of th e  Pleistocene beds in relation  
to  the sea level is well illustra ted  by Fig. 80, showing th a t  the Pleistocene 
series is 10 to  20 m th ick  in the region of B udapest, 250 to 300 m thick betw een 
Kecskemét and K iskunfélegyháza, and 400 to  500 m thick between Szentes 
and Szeged.
The largest average thickness of the Pleistocene beds m easuring 300 to 600 
m and the position of their basem ent related  to  the sea level witness th a t th e  
G reat Plain sank considerably in the Pleistocene. B ut when considering th e  
thickness of th e  post-Pannonian  deposits, exceeding even 1000 m, the m agni­
tude of the post-Pannonian  depression of th e  G reat P lain becomes even m ore 
obvious, p a rtly  confirming th e  suggestion th a t  the  G reat P lain  was the largest 
local base level of the  C arpath ian  Basin in th e  upper Pliocene and the P le isto ­
cene. Owing to  the  uplift of the  whole C arpathian m ountain frame, th e  
Upper Pannonian  Sea com pletely w ithdrew  from the  G reat Plain. A t th is 
time — in th e  upper Pliocene — the surface of the G reat P lain rose slightly  
above the sea level. However, a t present these sediments dating  from the  end 
of the upper Pannonian  lie deeper than  1000 m below th e  sea level, as for 
instance in th e  borehole sunk a t Hódm ezővásárhely. This situation can only 
be conceived if the  m ountain  frame has constan tly  risen, while the  basin  
has slowly been sinking and th e  subsidence has been filled with the deposits 
of the rivers. O therwise, th e  Pannonian inner lake would not have re tired  
from the G reat Plain.
d) The Geomorphological Evolution of the Mezőföld
The students of this region (Ádám, Marosi, Szilárd 1959) have traced  
in detail the  geomorphological developm ent of the  Mezőföld area since 
the setting in of continental conditions in connection w ith  the  gradual regres­
sion of the U pper Pannonian  inner lake. Towards the end of the Pliocene 
the disintegrated U pper P annonian inner lake rapidly freshened, shrank and  
was accreted. These processes were connected w ith  the  rhythm ical upheaval 
of the whole P annon ian  Basin. By the end of th e  Pliocene th e  territory  of th e  
Mezőföld was com pletely exundated, and th e  w ater of the  inner lake was left 
over only in smaller, closed m arshy depressions. Over th e  slightly rising 
Mezőföld P la tfo rm  denudation began as early as the upper Pliocene (L e­
vantine stage) so th a t  th e  Levantine sedim ents known from S outhern  
Slavonia were no t deposited here. In the  upper Pliocene the  surface of th e  
Mezőföld was m ost vigorously denuded by  fluvial erosion, the base level of 
which was represented by the  relatively sinking te rrito ry  of the ad jacen t 
Great Plain and by th e  southern  part of the  Mezőföld. In  this period some 150 
to 200 m th ick , loose Pannonian  rock suit was removed from the northern  
area of the Mezőföld. The students of this region a ttrib u te , besides the con­
siderable and prolonged upper Pliocene erosive action, an im portan t role 
to the crustal m ovem ents in th e  modelling of th e  Mezőföld. They have revealed 
frequent un ilatera l prom inences and subsidences caused by vertical m ovem ents. 
The tectonic lines trending NW —SE and those normal to  them  have had th e
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F i g . 81. Landscape detail of the erosion-derasion hill region of Mezőföld. (Photo E. V ajda.)
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F i g . 82. D etail from the slightly undulating  loess p lateau  of Mezőföld (Photo E . Vajda.)
greatest im portance in th e  form ation of th e  tectonic features of the area (Fig. 
68). The crustal m ovem ents th a t  took place on the boundary  between th e  
U pper Pliocene and th e  Pleistocene led to  unequal upheaval or subsidence. 
In  the northern  area being in  contact w ith  th e  Central M ountains, the  rising 
movements prevailed, while in  the  southern  area of the Mezőföld a consider­
able subsidence took place. A dám  suggests th a t  the N W —SE  faults disturbing 
th e  Pannonian beds of th e  Mezőföld have revived along th e  tectonic lines 
of the basem ent underlying gradually  th e  thick Pannonian  deposits, th a t  
is the tectonic s tructu re  of the  ancient basem ent was rejuvenated. These
Fig. 83. Block diagram  of tlie E nying Ridge and the Lajoskoinárom—Agostonpuszta ridge 
(According to  I. Szilárd.)
Csh  — C sittén y  H ill, S h  — S ér H ill, K h  — K ülső  H ill, O h  — Ö reg H ill. K d  — K av ic sos  H illock, A h  — A ra n y  
Hill, L v  — Les V alley , T  — te r ra c e  c u t  in  a P le istocene  b a r r ie r  beach
tectonic lines trending  NW —SE have played an im p o rtan t role even in m o­
delling the present landscape and in offering the  paths for th e  present river 
drainage.
The denudation of th e  Pannonian beds of the Mezőföld continued during 
the  Pleistocene. A lthough th e  erosive action was gradually loosing its in tensity  
as the accretion of the  G reat P lain  advanced, the  larger p a r t of the Mezőföld 
remained the  field of the  ac tiv ity  of fluvial erosion and  accum ulation till 
the beginning of the la te  Pleistocene. The wide gravelly channels and th e  
extensive alluvial fans fed from the direction of the T ransdanubian Central 
Mountains were formed in th e  early and ihe middle Pleistocene. Thanks to  th e  
above-m entioned processes, the  northern , and north-w estern parts of the Mező­
föld were transform ed to  an erosional rolling landscape w ith  a vivid relief 
by  the middle Pleistocene (Figs 81—84). The loose sedim ents removed from 
the eroded rolling landscape and the C entral M ountains bu ilt vast alluvial 
fans which were accum ulated in the  w estern, eastern and southern p arts  
of the Mezőföld, chiefly sim ultaneously in th e  early and m iddle Pleistocene
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by everal stream s altogether independent of one another. Moreover, th e  
form ation of the  alluvial fan  of the Palaeo-Sárvíz extended even over th e  
late  Pleistocene.
W hile in th e  afore-m entioned areas it was th e  activ ity  of fluvial erosion 
and accum ulation th a t proceeded, in the south-eastern area of the  Mezőföld, 
on the  surfaces of the Paks— Pentele platform  blocks, the  eolian accum ulation 
and loess form ation were m ore pronounced. According to  research workers 
the loess s tra ta  in the Mezőföld comprise th e  complete Pleistocene series of 
H ungary (cf. Á dám , Marosi, Szilárd 1959).
During the  las t glaciation the loess form ation became predom inant also 
in those areas of the Mezőföld which had earlier been modelled by fluvial 
erosion and accum ulation. Accordingly, m ost of the Mezőföld is covered
F i g . 84. Block diagram  of the northern  p art of the Pentele loess p latform . According to  L . 
Adam
R I, R U , R III  — D eras io n  horizons; E v  — erosive valley  co v e re d  b y  loess, D  — delle , E i  — erosive o u tl ie r ,  
L  — loess p la teau , A  P ch  — a c c re te d  P le istocene  channel, A p  — A d o n y  a llu v ia l p la in
only by recent loesses, i.e. by  the form ations of the la s t glaciation w hich, 
in m any places, lie im m ediately above the  denuded Pleistocene beds.
The students of the Mezőföld have also furnished num erous data  pointing 
ou t the surface-shaping action of the recent crustal m ovem ents which took 
place in the las t glaciation. U nder the influence of the la te  Pleistocene sinking 
movements a num ber of m ore or less extensive valley troughs and flat subsid­
ences were born in the area of the Mezőföld. Some of these subsidences contin­
ued to  sink even during th e  early Holocene (Zámolyi B asin, Lake Velence, 
S árrét etc.). In  th e  early Holocene they developed especially along the  D anube. 
W ith  regard to  morphology and geology, th e  students of th e  Mezőföld do n o t 
consider the  Mezőföld as stric tly  representing a part of th e  G reat P lain, 
b u t as an independent geomorphological d istric t differing from the Trans- 
danubian Hill Region as well. Physiograpliically and especially m orphologi­
cally, the Mezőföld represents an area of transition  linking the  G reat P lain  
to  the Transdanubian Hill Region.
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e) The Formation o f Lake Balaton and of the Transdanubian H ill Region
(i) SOM OGY H IL L  R E G IO N
The basem ent of m ost of the  Somogy Hill Region and of Lake B alaton  
is formed of variscid crysta lline  blocks which are overlain by  Pannonian clays, 
sandy clays, sands and by th e  upper Pliocene cross-bedded sands already 
mentioned. The la tte r  are  in m any places more than  1000 m thick. Accord­
ingly, the terrestria l developm ent of the  surface began in connection w ith  the  
form ation of th e  upper Pliocene fluvio-lacustrine system  th a t followed the  
re trea t of the  Pannonian  Sea. A t th a t tim e the so-called “A stian” cross- 
bedded sands of the u p p er Pliocene accum ulated in large am ounts. In  the  
eastern p art of O uter Somogy these sedim ents occur only as isolated 
spots. The w ithdraw al of th e  Pannonian Sea from this area was connected 
also here w ith  the over-all upheaval th a t  s ta rted  with the  U pper Pannonian 
stage. The tectonic effects of these epeirogenic movements affecting the en tire  
C arpathian Basin can also be dem onstrated . Their most conspicuous m anifes­
tations are the eruptions of basaltic lavas which began in  this epoch in the 
B alaton H ighland. In  th e  te rrito ry  of th e  Somogy Hill Region the crusta l 
movements m ay have provoked small vertical dislocations, too. but in general 
no morphological changes of a larger scale can be discerned in the deposits 
of these tim es. However, th e  upper Pliocene fluvio-lacustrine sedim ents 
locally overlie the  m arine sedim ents of th e  upper Pliocene through unconform ­
ity . The volcanic ac tiv ity  and  the crusta l m ovem ents associated w ith  it 
continued fu rther on. This is shown by the fact that on the southern shore 
of Lake B alaton, on the V ár H ill of Fonyód, th e  cross-bedded, fluvio-lacustrine, 
sandy sedim ents of the upper Pliocene are overlain by b asa lt tuffs.
The developm ent of the  landscape has been discussed in recent years by 
S. Marosi, J . Szilard (1958), S. Marosi (1960, 1962a) a n d J . Szilárd (1960, 1962) 
who relied, a t the  ou tset, upon the results of the earlier workers (Lóczy 1913, 
Cholnoky 1918, Szádeczky-K ardoss 1938, Süm eghy 1939, 1951. 1953, 1955, 
Szabó 1957, Bulla 1943a, Zólyomi 1952). These authors believe th a t during the  
upper Pliocene the  surface of the Pannonian  beds underw ent considerable 
denudation in the  te rrito ry  of the  Somogy Hill Region. Assuming the existence 
of a desert clim ate at th e  end of the  Pliocene, Lóczy and Cholnoky ascribed 
these phenom ena to deflation, according to  the ideas prevailing at th a t  tim e. 
Marosi and Szilárd a ttr ib u te  them  to fluvial erosion, relying on the  rele­
v a n t investigations of E . Szádeczky-K ardoss, J .  Sümeghy, B. Bulla and A. 
Kéz. In fact, these investigations refu te  th e  existence of a desert clim ate 
in  the C arpathian Basin a t th e  end of the  Pliocene as has been suggested by 
Lóczy and Cholnoky. N evertheless, Pécsi’s researches (196ie) suggest th a t 
there  are morphological d a ta  perm itting  us to suppose th e  existence of 
though not a desert b u t a t  least semi-arid clim ate in the  upper Pliocene. This 
is indicated by the pedim ents on the m ountain  border, w hich intersect the  
U pper Pannonian beds, too  (see Section 5b).
Based on th e ir own investigations, Marosi and Szilárd ascertain  th a t during 
th e  upper Pliocene m ajor and m inor stream s ran  across th e  territories of the  
Zala Hill Region and of Inner Somogy s itu a ted  south of the  T ransdanubian 
C entral M ountains, and also fu rth e r XE, across the territories of Inner Somogy
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and of the  Mezőföld, S—SE, i.e. in th e  direction of the  D ráva D epres­
sion or the  Danube—Tisza Mid-Region. In  the  area of the Somogy Hill Region, 
these stream s kept on traversing  the te rrito ry  at the beginning of the Q u a te r­
nary  period and even in  the L ate Pleistocene. Marosi ascribes the  gradual 
uplift of the  Central M ountains and of th e  watershed ridge of K eszthely— 
Gleichenberg to the beginning of the  lower Pleistocene and suggests th a t  
along th e  present U pper Kapos R iver a depression was formed parallel 
to  Lake Balaton. I t  stretched  from th e  Zala Hill Region across Inner 
Somogy (Marosig 1960), O uter Somogy (Szilárd 1960), the  southern  half 
of the H egyhát (Ádám 1960) and th eS o u th ern  Mezőföld (Marosi 1953) tow ards
S N
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F i g . 85. Cross-section of th e  high shore a t Balatonberény. According to  S. Marosi
1 — Loess, 2 — loess w ith  d o lo m ite  d e tr i tu s  (0.5 to  3 cm  in  0 ) and  fin e -g ra in ed  sed im en ts  p ro d u c e d  ch ie fly  
b y  so lifluc tion , 3 — slope d eb ris; 4 — P leistocene f lu v ia ti le  sands w ith  g ravels  a n d  w ith  P erm ian  r e d  g r its
the Kalocsa Depression. Marosi assumed it  to  have been an almost continuous 
fault trough trending W SW —EN E, parallel to the  strike of the  Central 
M ountains which is traceable from th e  Zala Hill Region up  to the  D anube 
and probably extends well into the  D anube—Tisza Mid-Region. S ince the  
tim e of form ation of th is wide fault trough  the brooks issuing from th e  Central 
M ountains have deposited and accum ulated their clastic m aterial and alluvium  
in it, forming alluvial cones. This alluvial cone-building ac tiv ity  of the tr ib u ta ry  
brooks traversing the Somogy Hill Region might have rem ained und istu rbed  
till th e  Middle Pleistocene or the beginning of the late  Pleistocene. T he slow 
subsidence of the basin of the present B alaton and the  progressive develop­
m ent of the  watershed of the Somogy Hill Region th a t pushed the developm ent 
of the  hill landscape to  a new direction m ay have set in a t  th a t  time. T hence­
forth, the  surface w aters no longer flowed across the  Somogy Hill Region.
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They ran southw ards from th e  B alaton H ighland and from th e  northern p art 
of the Somogy H ill Region, i.e. in the direction of the ancient trough of the 
Balaton. In th e  area of the  Som ogy Hill Region a valley w atershed came into 
being in form er valleys, and new w ater stream s s ta rted  to  run  from the centre 
of the hill region southw ards in  order to join th e  Kapos and th e  D ráva Rivers.
However, th e  southern  b o rd e r of the la te  Pleistocene basin of Lake Balaton 
lay  1 to 3 km  fa rth e r S, as com pared w ith its  present position. The loesses 
intermingled w ith  th e  detritic  m ateria l of Triassic dolomites and Perm ian sand­
stones th a t had  been rem oved from the n o rth ern  shore b y  solifluction and 
pluvionivation during  the glaciations accum ulated in the  la te  Pleistocene 
basin of the B alaton . In  th e  W ürm ian G laciation the trough  of the Balaton 
w ent on sinking, b u t th e  subsidence already affected a sm aller area roughly 
corresponding to  th e  present extension of th e  lake. After this new subsidence 
th e  loesses loaded w ith  talus w ere redeposited still a t the end of the last glaci­
ation from th e  sou thern  p a r t  of the basin, w hich was no t involved in the  
recurrent sinking, in to  the p resen t trough of th e  Balaton as a result of the p ro ­
cesses of p luvionivation and solifluction. These stratified loesses mixed w ith 
talus and densely in tersected  b y  dolomite layers dip in th e  direction of the  
present B alaton (Fig. 85). This circum stance and  the morphological position 
of the dells trend ing  tow ards th e  Balaton perm it us to confirm Bulla’s earlier 
suggestion th a t  th e  basin of th e  Balaton appears to have been formed as 
early  as the la s t glaciation. A nd, as it was po in ted  out by Marosi and Szilárd, 
this subsidence h ad  taken  place in  several phases, being in terrup ted  several 
times in space and  tim e. The lake’s basin is therefore polygenetic.
According to  M arosi we h av e  thus to deal w ith  several phases of the forma­
tion  of depressions in  the sou thern  part of th e  T ransdanubian Hill Region. 
Most ancient is th e  D ráva Depression, which is followed subsequently by the  
U pper Kapos— K alocsa Depression, and th e  m ost recent are the  depressions 
of Lake B alaton, the  S árrét, th e  Zámoly B asin and the L ake Velence. This 
la teral succession, th e  m em bers of which are gradually m ore recent when 
tracing them  from  S to  N, subsequently  served as a base level of erosion and 
sedim entary basin  for the stream s running from  NW and N. The geologists 
and  geophysicists indicate g rav ita tion  peaks between these longitudinal 
depressions as i t  is referred to  b y  Marosi. This w ould mean th a t  the structure 
of the basem ent is reflected in  th e  top sedim ents and the  surface features. 
Marosi and S zilárd  consider th a t  the landscape of the Somogy Hill Region 
reflects the s tru c tu re  of th e  basem ent b u t th e  valleys have been modelled 
by  erosive and derasive processes.
In the area of Inner Som ogy most of th e  present surface features are 
characterized b y  th e  abundance of the half-bound sand forms which have 
evolved on th e  sandy  alluvial fan. These forms are dissected by  two smaller 
ridges extending N —S and are split into two p a rts  by a longer ridge (Marcali 
Ridge) consisting of Pliocene (Pannonian) clays and sands covered by  a thick 
layer of slope loesses (Fig. 86). The western p a r t  of the te rrito ry  of Outer 
Somogy is characterized  b y  meridional, Pliocene, clayey-sandy ridges, 
while its eastern p a rt, by  highly  elevated p la tfo rm  ridges situated  between 
valleys trending N W —SE and roughly perpendicularly  to  it. On the  northern 
faces of the p la tfo rm  portions th e  Pannonian sediments are found high
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wFxg. 86. \V—E section In n e r Somogy (according to S. Marosi)
1 — U p p e r  P annon ian  d eposits  (sand , c lay), 2 — u p p e r  P liocene cro ss-b ed d ed  san d , 3 — P le is to cen e  flu v ia tile  san d , m ix e d  w ith  fin e -g ra in ed  g rav e ls ; its w ind-blow n is m a rk e d  b y  su rface  “k o f i r m n y "  ( red b an d e d  san d ) an d  c rv o tu rb a t io n  phenom ena, 
4 —• P le istocene  loess, s a n d y  loess, a n d  slope loess, 5 — a lluv ia l dep o s its  (sand, s ilt, c lay , p e a t ) ; G — fau lt zone
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above the  valleys, while on their sou thern  [edges the! Pannonian beds 
subside gradually by steps well below the  alluvium of the transverse valleys 
(Fig. 87). On the  other hand, in the easte rn  part of O u ter Somogy th e
Kis-Koppény
NW Vö/.e/ SE
0 1 2 3 4 5 6 7 6 9 10 km
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Fig . 87. N—S section across O uter Somogy, according to J . Szilárd
:1 — U p p e r  P a n n o n ia n  san d , 2 — U p p er P a n n o n ia n  clay . 3 — re d  clay, 4 — u p p e r  P liocene  (A stian) cross- 
b e d d e d  san d , 5 — u p p e r  P liocene grey ish -yellow  fo lia te d  san d , 0 — tra v e rtin e , ca lcareous conc re tion , 7 — P le is ­
to c e n e  coarse  san d , 8 — loess, 9 — s a n d y  loess, 10 — slope d ep o s its , 11 — slope d ep o s its  w ith  coarse d o lo m ite  
g rav e ls , 12 — a llu v ia l d eposits, 13 — ru n n in g  san d , 14 — lig n ite -b e a r in g  clay, 15 —  sa n d  b an k , 16 — s lop t 
d ep o s its  of lan d slid e  m echan ism , 17 — fa u lt zone
surfaces of th e  slope loesses covering the  Pannonian deposits exhibit a series 
of derasional and cryoplanational steps (Fig. 65).The loess cover of the Somogy 
Hill Region consists, irrespective of the  p lateau  loesses having lim ited ex ten ­
sion, m ostly of slope loesses stratified parallel to the p resen t slope of
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Fig. 88. D etail of a m eridional valley from the Somogy Hill Country. (Photo Z. Szilárd)
Fig. 89. Type of the broad derasion valleys (dells) representing, a transition to  
meridional valleys. (Photo  J .  Szilárd)
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th e  surface and attain ing  10 to  30 m in thickness. The sm aller valleys 
incising the  surfaces of the meridional valleys and of the ridges betw een them  
were widened in th e  las t glaciation chiefly by  m eans of derasion. The larger 
valleys are dissected by derasional terraces, while the sm aller ones have 
evolved to broad, dish-shaped dells (Figs. 88, 89). On the gentle slopes,
Fig. 90. Buried dell cross-section of the q u a rry  of the Pécsi street brickworks a t K aposvár, 
according to  Pécsi
1 — B ro w n  c lay ey  fo res t soil, 2 — sligh tly  b e d d e d  loess w ith  h u m ic  sp o ts , 3 — s lig h tly  b e d d e d  loess w ith  
sp o ts  o f coal a n d  coffee-brow n m olehills, 4 — fossil ch e rn o z em  w ith  lig h t m olehills w here  soil fo rm a tio n  of m ed ium  
d eg ree  h as  ta k e n  p lace, 4a  — sligh tly  h u m ic  loess zone, 5 — b ed d e d  sa n d y  loess w ith  m olehills, 6 — 
ligh t-y e llo w  loess p e n e tra te d  b y  num erous d ark  m o leh ills , 7 — fossil ch e rn o zem ; lb , 1c — ch e rn o zem  soil, form ed 
in  s itu , o f a  dell, Id  — ch e rn o z em  w ith  m olehills, a t  th e  sole of a dell; 8 — chernozem  m a te r ia l a ffec ted  b y  a b lu ­
tio n  a n d  so lifluction , 9 — th in -b e d d e d  sand (w ith  Coelodonta an tiq u ita tis )
both  derasional and erosional valleys have been extensively filled (Fig. 90). 
O uter Somogy can be characterized as an erosion-derasional hill region; 
the evolution of these forms has been largely prom oted besides erosive, dera­
sional and deflational processes, by  th e  tectonic movements.
Owing to the large-scale decrease of the forest cover in m odern times, 
a considerable am ount of materials is redeposited and soils are removed 
by th e  grooving action of the soil erosion, and even more by th e  degrading 
soil erosion proceeding as a result of tillage on the  slopes and ridges. In 
addition the soles of -the major dells and those of erosion-derasional valleys 
are subjected to accretion even today.
(ii) L A K E  BALATOX
On the  basis of morphological and  palaeobotanical research, the  following 
inform ation can he given, as a short sum m ary, about the form ation of Lake 
B alaton (Marosi, Szilárd 1958). As it was shown earlier by B. Bulla and
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A. Kéz, the basin of the lake m ust, by  all means, have been formed already 
during  the Last In terg lacial, for large am ounts of solifluction-pluvionivation 
deposits deriving from  the  B alaton  H ighland had accum ulated in this basin. 
In  addition, since th e  well stratified  slope loesses (grézes litées) densely in te r­
ru p ted  by thin do lom ite layers along the  southern shore of Lake B alaton 
also dip towards th e  trough  of th e  lake, we have to  suppose th a t th e  trough
Fig. 91. Limits of abrasion  activ ity  a t th e  presum ed highest w ater level of the ancient (late 
Pleistocene) Balaton, according to  B. B ulla
1 — P re se n t-d a y  b each lin e  o f L a k e  B a la to n , 2 — ev id en ced  lim it of a b ra s io n  a c t iv i ty  (116 m  a. s. 1.), 3 — p re -  
u m e d  lim it ab ras ion  a c t iv i ty  (132 m  a. s. 1.)
of the Balaton re-subsided still in th e  second half of the Last G laciation. 
The Lower Zala K iver appears to have joined the B alaton at th a t tim e (Góczán 
1960(7, b). The p a rtia l filling of th e  trough w ith  w ate r is likely to have taken 
place in the late W ürm  glaciation and in the postglacial (Alerőd). The B alaton 
Basin, formed in th is  way, was filled w ith w ate r supplied by th e  brooks 
issuing from the  n o rth ern  slope of th e  lake and by  the  precipitations of post­
glacial times (Zólyomi 1952). Since in postglacial times the basin initially 
had  no drainage, a w a te r am ount larger th an  th a t  of the present Balaton 
m ay have accum ulated in it. The m ore extensive postglacial w ater tab le  of the 
B alaton  results from  th is fact. A t th a t  tim e th e  w ater level of th e  Balaton 
was, as stated by  Lóczy, Cholnoky, Bvdla and Kéz, a t least 6—8 m  higher 
th a n  the present average. At th is higher level the  lake inundated  the 
southern  lagoons and bays, to -day  already dried up. The Balaton comprised
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the L ittle  Balaton, where the w aters of the lake had ingressed well 
in to  the valley of the Lower Zala River, as well as th e  N agyberek and several 
smaller lagoons on the  southern shore of the lake (Fig. 91). The lake’s w aters 
also flooded the  Tapolca Basin on the  northern  shore where the volcanic 
outlier sho t out like islands from the  w ater. This higher w ater level of the  
Balaton is testified hy the  abrasional levels occurring on the  northern  shore, 
and by  th e  higher sand-riffs (lidos) th a t  can be detected  in several points 
of the southern  shore. The lower barrier beach systems cu tting  off the lagoons 
along th e  present southern  shore of the  lake were bu ilt up  during Holocene 
times. The cutting-off of the lagoons has led to the form ation of pea t and 
swamps. According to  Szilárd and Marosi th e  Balaton has found its drainage 
through th e  Sió Valley towards the valley of the Sárvíz in m odern tim es. 
The system  of barrier beaches testifies th a t  during the  Holocene the  w ate r 
level of th e  lake has risen by only a few m etres. In the  driest hazel-nut phase, 
about 5000—6000 years ago, Lake B alaton almost dried up. P ea t bogs were 
formed in  its place. The existence of this meadow moor phase has been proved 
by drillings into the  bottom  of the lake (Zólyomi 1952). In our days the 
w ater level of the  lake can be regulated artificially by  means of the sluices 
of Siófok.
(iii) TOLNA H ILL REGION
This is the  most m inutely fragm ented ra th e r highly elevated rolling lan d ­
scape of th e  T ransdanubian Hill Region. I t  is characterized by great re la tive 
altitudes and is situated  between the Kapos River, th e  Mecsek M ountains 
and the D anube Valley. The hill country  is also m ade up m ainly of P an n o ­
nian deposits overlain by  spots of travertines and b y  red clays which are 
covered b y  a thick sequence of fluvial sands, loesses and slope loesses. The 
surface of the  present relief chiefly consists of thick fluvial sedim ents and 
of a likewise thick slope loess mantle. The Tolna Hill Region became m ainland 
after the  re trea t of th e  Pannonian Sea and rem ained an area of erosion 
from the  end of the Pliocene up to the  beginning of th e  middle Pleistocene. 
As the surface of the Pannonian sedim ents got exundated, red clays were 
formed first. Below these clays a th in  bank  of trav e rtin es  was cem ented. 
The surface of the  Tolna Hill Region was traversed and intensively dissected 
by faults trending N N W —SSE. The erosional paths of the palaeo-stream s 
were controlled by these tectonic lines as revealed by th e  thorough investiga­
tions of L. Ádám (I9 6 0 ,1962Ó). He suggests th a t  during th e  middle Pleistocene 
the area underw ent an over-all sinking so th a t the w ate r stream s coming 
from the  direction of the  Mezőföld and the  Somogy Hill Region have built 
a wide-spread silty-sandy alluvial fan in th e  area in question. The local base 
level prom oting the form ation of alluvial fans was represented by the in ten ­
sively sinking area of th e  Völgység situated  im m ediately north  of the  Mecsek 
M ountains. In  the southernm ost p art of the  Tolna Hill Region and in  the 
Szekszárd Hill Region no alluvial fan was formed because of the  re la tive 
uplifting of the te rrito ry . A t the time of its form ation th e  alluvial fan of the  
Tolna Hill Region was still connected w ith  those of th e  Southern Mezőföld 
and W estern Mezőföld from which it was separated  as la te  as in late Pleistocene 
times.
L. Ádám suggests th a t  a t th e  end of the  M iddle Pleistocene and in the la te  
Pleistocene th e  ac tiv ity  of fluvial accum ulation was superseded by the  
form ation of loesses. A n abou t 20 to  50 m th ick  loess cover intercalated by 
fossil soils developed on the alluvial fan surface of the Tolna Hill Region. 
The thick loess m antle  com m only lies in th e  middle p art of the slopes and 
a t  their foot. F o r the  m ost p a r t, th is loess is bedded parallel to  the slope.
According to  L. Adam , in tensive tectonic m ovem ents took place sim ulta­
neously w ith loess form ation. These recent tectonic m ovem ents exerted a 
considerable influence on th e  form ation of th e  valleys of the  hill region 
and  changed th e  hydrographic pa tte rns th a t  had  existed before la te  Pleistocene 
tim es. Sim ultaneously w ith th e  elevation and disintegration of the central 
areas of the hill region its w est-eastern  and th e  northern borders were faulted 
steplike and well separated  from  the ad jacen t areas.
According to  Á dám , the evolution of the relief of the Tolna Hill Region 
has been decisively controlled by the  accum ulation of loesses. In his opinion, 
th e  loess cover of a thickness averaging 20—50 m and locally exceeding even 
70 m represents an  eolian form ation. However, he also points out th a t th e  
glacial solifluction has had an im portan t p a r t in the modelling of the surface 
relief sim ultaneously w ith  eolian accum ulation of loesses. The la tte r  process 
has provoked th e  degradation of th e  tectonic steps. The present hydrography 
of the hill region was formed a t  the  end of the  las t glaciation, while the peculiar 
microforms of th e  th ick  loess m antle evolved during the Holocene. Since the  
clearing of the  forest cover, anthropogenous influences, such as agriculture 
have accelerated th e  karsting  of th e  loess surfaces, the erosive fragm entation 
of slopes by ravines and gullies and the areal degradation of the soil cover 
over vast areas. Owing to th e  pronounced relative altitudes of the differ­
en t points of th e  hill region (150 to 200 m), the larger showers and cloud 
bursts  cause ca tastroph ic  dam ages. The s tu d y  of the processes modelling 
actually  the surface of the  hill region has become a task of p rim ary im portance 
for preventing large scale soil erosion. The geomorphological methods neces­
sary  for a ra tional in terven tion  are being studied by L. Ádám.
f) The Evolution of the Little Plain
W e have assigned the  Győr Basin, the G yőr—T ata  Terrace Region and the  
M arcal Basin to th e  L ittle  P lain  in the  strict sense. A lthough the  new physio­
graphic subdivision of H ungary  b y  landscapes does not include the gravel 
sheet beyond th e  R áb a  which had  earlier been attached to  it, nor the area 
of K em eneshát, th e ir geomorphological h isto ry  is still closely linked w ith  
th a t  of the L ittle  P lain . Therefore, we shall discuss them  together under this 
heading.
In  terms of geology and geomorphology, th e  basin of the L ittle  Plain is an  
area of ra ther young T ertia ry  and Q uaternary  subsidence. Its  central part, 
th e  Győr Basin represents an  alluvial plain having been accreted up to th e  
present time, whereas the G yőr—T ata Terrace Region is an area where 
accum ulation took place followed by denudation in recent tim es. The Marcal 
Basin belongs to  th e  category of plains showing the features of degraded 
basins.
The basem ent of the L ittle  P lain basin is represented by crystalline schists 
lying at a depths of 1000 to  3000 m E of th e  line of tbc R áb a  River. They 
correspond to a deeply buried  portion of th e  core of the E astern  Alps. E ast 
of th e  R ába line, the basem ent is composed of the likewise deeply subsided 
blocks of the Transdanubian Central M ountains. The subsidenceof theM esozoic 
blocks began already in th e  early T ertiary , while the w estern  p art having 
a crystalline basem ent began to  sink only a t th e  end of la teT ertia ry  in Miocene- 
Pliocene times (Kőrössy ). In  the basin portion  situated beyond the R ába 
ihe  morphogenesis of the basin  began by the deposition of Tortonian kalk, 
and S arm atian  limestones and by a slow sinking in the  second half of the 
Miocene. However, the definitive subsidence of the basin took place during 
the Pannonian transgression, a t the beginning of the Pliocene. Yet before 
the  subsidence, it was m ainland for a short tim e. The fast subsidence of the  
L ittle  Plain basin stopped a t the  end of the  U pper Pannonian epoch, and the  
basin som ewhat uplifted, owing to which th e  inland sea w ithdrew  (lower 
and middle parts of the L evantine stage). During the u pper Pliocene a 50 
to  150 m thick series of fluviolacustrine deposits spread over the U pper P a n ­
nonian sedim ents throughout the basin. W hen judging b y  the  m easure­
m ent of stratification, this deposition was th e  result of sedim entation proceed­
ing from the n o rth  to the south. In  the Marcal Rasin this process was associated 
w ith  a deposition trending E —W (E. Szádeczky-Kardoss 1938). These 
sedim ents are overlain by extensive gravel sheets deposited through a con­
siderable erosional unconform ity. They were transported  from  the  Alps 
in an  opposite direction, SW — NE. Accordingly, two pronounced unconform ­
ities can be detected in the  L ittle  Plain a fte r th e  regression of the Pannonian 
Sea; the first one between th e  first Upper Pannonian beds and  the  very th ick  
cross-bedded sands, the o ther one between th e  cross-bedded sands and th e  
overlying gravel sheet. The basaltcaps of theM arcal Basin resting  on Pannonian 
sedim ents m ay have formed a t the tim e of the  form ation of the first u n ­
conform ity, while the m arginal basalt tuffs of the M arcal Basin were 
deposited on the  cross-bedded sands them selves, after, or during  a much la te r 
erosive degradation. The K eszthely—G leichenberg watershed developed before 
the  form ation of the gravel sheet, and th e  second erosional unconform ity 
can thus be related to im p o rtan t crustal movem ents. E. Szádeczky-K ardoss 
(1938) earlier considered th is unconform ity to  lie between th e  Dacian and 
the  L evantine stages, whereas we now regard  it as a m arker of the upper 
Pliocene—Pleistocene boundary.
W e have thus to make allowance for an  entirely new phase, i.e. for th e  
deposition of m ainly coarse sediments which started w ith  th e  Pleistocene 
in th e  L ittle  Plain. These deposits had th e ir source area in the  catchm ent 
area of the rivers issuing from  the Eastern Alps and gave rise to  vast alluvial 
fans in the area of the L ittle  Plain, so m uch so, th a t the  M arcal Basin came 
to  he accreted up to  the level of the basalt-capped monadnocks (E. Szádeczky- 
Kardoss 1938). This accum ulation was chiefly due to the  R áb a  River and its 
tribu taries carrying their w aters towards th e  Palaeo-Danube. In  this period th e  
D anube also bu ilt a huge gravelly alluvial fan  in the G yőr Basin and in th e  
G yőr—T ata Terrace Region. The rem nants of this Early Pleistocene alluvial 
fan are represented by the  Parndorf P la teau  and the terraced  monadnocks
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of Győr—T ata  (Fig. 5). To judge by th e  position of th e  marginal terraces 
of the L ittle  P lain, th e  form ation  of this enormous alluvial fan lasted up to  the  
Middle Pleistocene, p robab ly  till the M indéi— Riss interglacial (Pécsi 1956— 
1959). From  this tim e on, th e  central p a rt of th e  L ittle  P lain, the Győr Basin, 
had vigorously subsided and  since then  th e  more recent L ittle  Plain alluvial 
fan  of the  D anube has evolved in its area. The larger p a r t  of this alluvial fan 
is the te rrito ry  of th e  Csallóköz, in Czechoslovakia, th e  smaller p a rt being 
situated  in the  areas of th e  Szigetköz, th e  Moson P lain and  the  Fertő-H anság 
Basin in H ungary. In  th e  G yőr Basin th e  younger and older Danube deposits 
form, as a whole, a 50— 200 m thick sandy-gravelly sedim ent suit (Fig. 92). 
The degradation of th e  M arcal Basin and especially of th e  G yőr—T ata Terrace 
Country by erosion an d  derasion and th e ir transfo rm ation  into a degraded 
plain has continued since th e  subsidence of the cen tral p a r t of the  L ittle  
Plain, i.e. th e  G yőr B asin. However, th e  basalt-capped  monadnocks show 
th a t in the M arcal B asin th is degradation began already in the second half 
of the E arly  Pleistocene period.
The K em eneshát gravel sheet of the R ába and its gravel sheet on the eastern 
margin of the  Marcal B asin were formed sim ultaneously w ith  the form ation 
of the older alluvial fan  of th e  Danube (Góczán 1962). W hile these w ide­
spread gravel sheets w ere being deposited, 3 to 4 terraces of the D anube 
and the R ába m ay hav e  been formed in th e  m ountainous reaches of th e  river. 
In  the areas outside th e  G yőr Basin, on th e  o ther hand, 2 to  3 younger terraces 
dating from th e  Riss— W ürm  interglacial came into being. Accordingly, the 
modelling of the L ittle  P la in  was largely controlled by  th e  vigorous sinking 
of the Győr Basin during  th e  Middle Pleistocene resu lting  in the altera tion  
of the G yőr Basin in to  a perfectly p lanated  alluvial plain where sm aller 
ill-drained basins have appeared between th e  alluvial fans (Fertő-H anság 
Basin). In  th is period th e  predom inant modelling agent in  the  Marcal Basin 
and the G yőr—T ata  Terrace Region was represented chiefly by erosive deepen­
ing and valley form ation  during the interglacials, and by  degradation of slopes 
through pluvionivation-solifluction, dell form ation and deflation during the 
existence of the  clim atic types of the glaciations (Pécsi 19626). On the  plain 
surfaces of the terraces and alluvial fans, very  im p o rtan t fossil form features 
of the cryoturbation  process can be observed (Figs 42, 46 ,50—51). D uring 
the  Holocene, th e  w idespread flood plains have been th e  scene of fluvial 
accretion; the ill-drained sm aller basins have been subjected to  peat form ation, 
swamping and meadow clay form ation, while during th e  drier period of the  
early Holocene, blown-sands were deposited on the surfaces of the alluvial 
fans Most soils of the L ittle  P lain were formed in th e  Holocene.
(i) M O R P H O G E N E S IS  O F T H E  B A SA L T  VOLCANO R U IN S  IN  T H E  L IT T L E  P L A IN
The landscape b eau ty , the geology and the peculiar evolution of the b asa lt 
volcano ruins of the  M arcal Basin awoke th e  a tten tio n  of th e  research workers 
a t  an early date. G enetically  these ruins have been classified as stratovolcanoes 
(Somló and Ság-Hills) and  as tuf f  hillocks (L. Lóczy). T he tuff hillocks are 
situated  in the  w estern p a rt of the Marcal Basin, m ostly on the slope of th e  
Kem eneshát (tuff hillocks of Kissomlyó, of Gérce-Sitke, hillock of Szergény-
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Fia. 92. Diagonal section across the Little Plain between the Pándorf P lateau and the terraceshaped island m ountains oí Bana-Bábolna. (Constructed by using the boring data of theH ungarian  Geological In s titu te .
u p p e r  P liocene c ross-bedded  s a n d , 3 — o ld e r a llu v ia l g rav e ls , 4 — m a in ly  s a n d y  and g rave lly  f lu v ia ti lc  sed im en ts  fillin g  th e  G yőr Basin: IIo , I I b, I II  — D anube te rra c e s , IV — VI — re m n a n ts  of th e  ea rly  P le istocene  alluv ia l1 — P an n o n ia n  beds, 
fan  of th e  D an u b e
FACING PAGE 114

Kemenesmagas and tu ff field of M arcaltő). The luff hillocks of Kissomlyó 
of Gérce-Sitfce contain minor am ounts of lavas, too, and together w ith the 
stratovolcanoes they  form buttes proper. The reconstructed cross-section 
of th e  basalt-capped monadnocks has been plotted by the  geologist L .Jugo- 
vics (Fig. 93).
The basalt volcanism of Transdanubia and the forms it has produced have 
been discussed most thoroughly by  I. Vitális and L. Lóczy. Lóczy suggests 
th a t all the  volcanoes were formed in th e  upper Pliocene as a result of recurring
F i g . 93. Ruins of the basalt volcano of Sághegy (according to L. Jugovics)
1 — B asa lt, 2 — basaltic  tu ff , 3 — l'p p e r  P an n o n ia n  san d  a n d  clay
eruptions. However, th e  tuff hillocks on the margin of th e  M arcal B asin  ar 
considered by him to  be of much more recent origin. This au thor ascribes their 
form ation to the lower Pleistocene, to  a period following the  deposition of the 
K em eneshát Gravel Sheet since also Kem eneshát gravels could be observed 
as intercalations w ith in  the Sitke tuffs. Lóczy’s correct statem ents are sub­
s tan tia ted  by the m ore recent terrace-m orphological studies in the  L ittle 
Plain, as well. Moreover, they have furnished evidence for th e  more exact 
determ ination of the  dates of the youngest eruptions of basalt tuffs.
The volcanic activ ity  responsible for th e  basalt tuff hillocks on th e  Kemenes­
h á t Gravel Sheet can be related to  th e  more intensive crustal movements 
th a t preceded the subsidence of the  G yőr Basin.
The geomorphology of the basalt-volcanic monadnocks in the  Marcal Basin 
has not been studied thoroughly by  anyone after Lóczy’s work. Recently 
the unpublished paper of P. B okor includes partia l geomorphological 
observations. The common features in the morphologically variegated 
m onadnocks are due to  the basalt cap extending like a shield volcano which 
has spread over the Pliocene surface made up of loose Pannonian deposits. 
Since the  loose sedim ents surrounding th e  shield volcano were easily removed
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by  denudation, th e  lava  sheet emerged from its environm ent attesting to  the  
orography th a t ex isted  at the  m om ent of the lava effusion. However, the 
external forces (erosion, deflation, cryoplanation) destroyed not only the 
environm ent consisting of more loose rocks, b u t also the  surface and the borders 
of the volcanic cover depending on its thickness and extension. This resulted 
in the formation of denuded monadnocks having th e  shape of a cone or a 
truncated cone.
(ii) M O R P H O G E N E S IS  O F  T H E  T R A N S -R Á B A  G R A V E L  S H E E T
In  terms of geom orphology, th is is a gravel plain stretching far out south­
wards between th e  south-w estern m arginal landscape of the L ittle  
P lain, the H ungarian  spurs of th e  E astern  Alps and the valley of the R ába 
River. In the geographical lite ra tu re  it is referred to  as “Trans-R ába Gravel 
S heet” and “W est H ungarian  G ravel Sheet” which was earlier discussed 
b y  L. Lóczy Senior, J .  Cholnoky, E. Szádeczky-Kardoss, and by  the  Austrian 
scientist, W inkler-H erm aden. According to  th e  more recent investigations 
of L. Ádám (1962a) w^ho relies upon the studies of the above-mentioned 
researchers, th e  m orphogenetical h istory  of this area can be outlined as 
follows:
The Trans-R ába G ravel Sheet is divided in to  a higher (220 to  320 m) level 
and  a lower one (150 to 200 m). The gravel sheet lying a t the  lower level 
as a slightly d issected  plain, faces the  plane of th e  R ába. On the  basis of his 
detailed m ineralo-petrographical and m orphological investigations, Ádám 
confirms E. Szádeczky-K ardoss’ opinion, as opposed to  the earlier investigators 
(Lóczy Senior, Cholnoky, Bendefy). He suggests th a t  the Trans-R ába Gravel 
Sheet is not uniform , b u t is composed of gravel sheets of alluvial fan character 
of different rivers of various ages (Fig. 94). The alluvial m aterials of the palaeo- 
P inka, palaeo-Gyöngyös, palaeo-Répce and R ába can clearly be separated 
from one another b o th  lithologically and morphologically. The higher seated 
gravel sheets accum ulated  during th e  lower Pleistocene are connected with 
the Kemeneshát G ravel Sheet of th e  R ába. The lower Pleistocene tributaries 
of the Rába accum ulated  their gravelly deposits extending to the Kemeneshát 
G ravel Sheet of th e  R ába and locally even overlapping it  (Pinka, Gyöngyös, 
Répce). This gravel alluvial fan horizon, seated higher had formed before 
th e  Rába was cu t dow n to a deeper level due to  th e  subsidence of the Győr 
Basin in the m iddle Pleistocene. D uring Riss and W ürm  glaciations the R ába 
built an alluvial p la in  w ith two terraces, 8 to  10 km  wide west of its present 
flood plain as tes tified  by the morphological s ituation  and the  cryoturbation 
featu re  types. These tw o alluvial terraces are seated substan tially  lower th an  
the  surface of th e  K em eneshát. The left bank tribu taries of the  R ába, keeping 
pace with the subsidence of th e  base level of the  m ean stream , fragm ented 
th e ir earlier alluvial gravel sheet seated more highly, and heaped up their 
gravel alluvia on th e  gravels of th e  la te  Pleistocene alluvial fan along the left 
bank  of the R ába. T he lower-seated gravel sheets of these tributaries were 
developed during th e  late  Pleistocene even in two horizons (Ádám 
1962a, Fig. 95). T he 8 to 10 km  wide gravel sheet composed of R ába gravels 
dips gently eastw ards. It is connected by a low terrace benchland w ith the
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Fig. 94. Genetic m ap of th e  W est-H ungarian Gravel Sheet, according to  L. Ádám
I — G rav e l s h e e t on  th e  r ig h t b a n k  of th e  R áb a  (P le istocene , m idd le  P leistocene), II  — g ravel s h e e t o n  th e  le f t  
b a n k  o f th e  R áb a  (m iddle P le istocene  — la te  P le istocene), I II  — g ravel sh ee t o f th e  P in k a  (early  P leistocene) 
IV — g rav e l sh ee t of th e  G yöngyös (early  P leistocene — la te  P leistocene), V — g ra v e l sh ee t of th e  R epce (m iddle 
P le istocene  — la te  P leistocene), VI — g rav e l sheet o f I k v a —V ulka (early  P le istocene  — la te  P le istocene), V II — 
a n g u la r  sh ee t g ravels  (qu artz ite s  p ro d u ced  b y  w e a th e r in g  of c ry s ta llin e  schists) o f th e  K őszeg M o u n ta in s  (la te  
P leistocene), V III — M iocene g ravel a n d  cong lom era te  s h e e t of th e  Sopron M ounta ins (H elv e tian ), IX  — L ow er 
P an n o n ia n  g rav e l; X — C rysta lline  block m o u n ta in s  (S o p ro n — Kőszeg-Vas M ountains)
flood plain while fa rther to the NE, on the fringes of the L ittle  Plain, it fits 
well into the  Rábaköz alluvial fan.
The higher-seated alluvial gravels overlie, with very pronounced unconform ­
ity , the  thick upper Pliocene fluvio-lacustrine sands characterized by Unio 
Wetzleri, which were deposited after the  re trea t of the P annonian Sea. Accord-
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ing to Adam, th is  unconform ity  m ay also m ark  the boundary  between the 
Pliocene and th e  Pleistocene. The lower-seated, more younger alluvial gravels 
p a r tly  rest upon the upper Pliocene cross-bedded sands, and partly  overlie 
d irectly  the U pper P annon ian  clays and sands.
Adam suggests th a t  the  connection w ith the gravel sheet of the Kemeneshát 
was broken off as a consequence of the form ation of a trough-like depression, 
th e  axis of w hich runs parallel to  the present R ába Valley. This subsidence 
was essentially synchronous w ith  th a t of the G yőr Basin which subsided in the 
Mindéi—Riss in terglacial and  was occupied and accreted by the Rába, 
gradually sh ifting  from  the  Kem eneshát.
On the higher horizon of th e  W est-H ungarian Gravel Sheet showing more 
vivid relief, th e  processes of solifluction reshaped the slopes and the valley 
sides to a considerable degree during the Pleistocene glaciations and carried 
great amounts of m aterial tow ards the valley soles. The gravel sheets seated 
both  higher and  lower are covered with glacial loams forming large spots 
and having been redeposited by  solifluction. On the  surface of the lower-seated 
gravel sheet p lain  th e  solifluction phenom ena play a subordinate role while 
theform s of cryo tu rbation  show very  abundant varieties being spread regionally. 
Large (1 to 3 m) polygons, ice wedges and sacs exceeding 2 to  3 m in diam eter 
as well as d ish-shaped and kettle-shaped cryo tu rbation  features measuring 
several metres in  d iam ater are encountered a t every step in the exposures. 
The Holocene erosive processes have only slightly modified th e  relief patterns 
of the plain w hich had considerably been modelled by processes of solifluction 
and pluvionivation during th e  last Glaciation. The plain surface covered w ith 
brown glacial loam  and  w ith spots of loess-like clayey sedim ents is characterized 
by  slowly seeping brooklets, fla t brook valleys as well as by flat valley 
forms being m odelled, in tu rn , by  means of erosion and derasion.
(iii) VAS R IO G E  A N D  K E M E N E S H Á T
This is a terraced  alluvial fan  stretching deep into the  body of the L ittle 
Plain and em erging considerably above its environm ent between the valleys 
of the Rába, th e  Zala and th e  Marcal Rivers. The hill region w ith marked rela­
tive altitudes (180 to  200 m) dissected by terraces along th e  western frontier 
of the country and  by a dense valley network in the region of the  main valleys, 
is called Vas Ridge. F a rth e r N E  this landscape turns into a wide, flat gravel 
alluvial fan w ith  gradually  dropping relative altitudes.
The geological s tru c tu re  of the Vas Ridge is well exhibited by  the intensively 
dissected tr ib u ta ry  valleys. Its  basem ent is m ade up of U pper Pannonian 
greenish clays and banked sand layers, while near the Graz Rasin, in the  
proxim ity of th e  national boundary , it is composed of g ritty , fine-gravelled 
s tra ta  which are successively overlain by intensively bedded sands dating 
from the end of th e  Pliocene and then  by la te  Pliocene gravels and Pleistocene 
terrace gravels a t  the  lop. The surface represented m ostly by  slopes is covered 
w ith glacial loam  redeposited by  solifluction. In  th e  structu re  of the Kemenes­
hát, the U pper P annonian  sands and clays are found only a t few" localities. 
The basement of the w ide-spread gravel sheet is represented by cross-bedded 
sands which are locally characterized by Unio Wetzleri, b u t are chiefly barren 
a t other localities. The alluvial gravels overlie it though unconformably.
w
Pinka Gravel  Sheei
m  ,Vcrc/a
Fig. 95. W —E cross-section across the gravel sheet of th e  T rans-Rába Region from the Pinka R iver up to  the R iver R ába Region (according to L. Ádám)
1 ~  U p p e r  P ann o n ian  c lay , s a n d , 2 b row n isli-g rey , s ilty , san d y , c la y e y  ro ck  su it, th e  f in a l d e p o s its ; of th e  U p p er P a n n o n ia n  lacu s trin e , 3 — b row nish-g rey , g rey ish -b ro w n , obliquely  s tr a t i f ie d  u p p e r  P liocene f lu v ia ti le  san d  c h a ra c te r iz e d  b y  
U nio  W e tz le ri fauna , 4 — yellow ish -g rev , grey ish -yellow , m a rk e d ly  ca lcareous, c lay ey -san d v  se rie s  in te r ru p te d  b y  fen  c lay , p re sen tin g  th e  to p  o f th e  u p p e r  P liocene c ro ss -b ed d ed  sand, 5 — P le is to cen e  g ra v e l sh e e t, G — glacial lo a m  w ith  brow n 
S rav e l red ep o sited  b y  so lif lu c tio n , 7 —  fa u l t  zone
Fig. 96. SW—NE cross-section across the Vasi Ridge from the E züst Hill up to  Szentgotthard according to S. Somogyi
1 — P an n o n ian  c lay , s a n d y  c la y , 2 — u p p e r  P liocene a n d  P leistocene flu v ia ti le  san d , 3 — P le is to cen e  lo a m  an d  brow n so il, 4 — g ravel of th e  R á b a -R iver, 5 — a l lu v iu m  a n d  slope debris of th e  R áb a , G — H o locene deposits, 7, 8 te r ra c e s  I \  HI 
of th e  R áb a  from  th e  H o locene u p  to  th e  u p p e r  P liocene
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On th e  surface of the  Kemeneshát there are sm aller isolated hillocks of basalt 
tuffs and lavas which were formed on the Pliocene-Pleistocene boundary. 
The gravel sheet is covered w ith spots of a few m etre thick glacial loam.
The evolution of th is landscape, which is in tim ate ly  linked to  th a t of the 
ad jacen t areas, has been thoroughly studied, on th e  basis of the  stratigraphic 
conditions, by L. Lóczy Senior (1913), j .  Cholnoky (1937), I. Ferenczy (1924), 
J .  Siim eghy (1939, 1955), E. Szádeczky-Kardoss (1938), L. S trausz, A. Kéz 
and S. Láng, and by  an Austrian scientist, W inkler-Herm aden. These investi­
gations have outlined the main features of the geomorphological evolution, bu t 
several questions of detail, especially the chronology of the processes on the 
Pliocene-Pleistocene boundary as well as the up-to-date general views concern­
ing the geomorphological evolutionduring the Pleistocene still require comple­
tion  and modification. We can sum  up the morphogenesis of the Vas Ridge 
and Kemeneshát by  relying upon the  results of th e  above-m entioned investi­
gations and by tak ing  into consideration Somogyi’s relevant studies (1962a).
According toSom ogyi the evolutionof the surface of the  Vas Ridge somewhat 
differs from th a t of the  Kem eneshát, because while in th e  area of th e  Vas Ridge 
th e  U pper Pannonian green clays and banked sand layers are exposed in the 
roads cut into the  deeper valleys, in the region of the  K em eneshát they  are 
only known from deeper boreholes. The formation of the  Vas Ridge is analogous 
1o th a t of the hill ridge with 7—8 terraces between the  Mura and the Rába 
R ivers in the area of the Graz Basin. The sedim ents of the Vas Ridge were 
deposited as litto ra l facies on the  border of the  U pper Pannonian Sea th a t 
was regressing tow ards the fault trough of the D ráva. The Alpine streams 
locally produced gravelly  layers w ithin the cross-bedded sands overlying the 
U pper Pannonian deposits of the Vas Ridge. During th e  upper Pliocene the 
palaeostream s of th eS ty rian  Basin (Rába, Mura) deposited the higher seated 
gravel horizons m entioned by W inkler-H erm aden through unconform ity 
upon the surface of these strata . In  Hungary, we have found only a single 
representative of the  gravel horizons mentioned ju st before, i.e. th e  E züst Hill 
horizon dating from the  end of the  Pliocene.
A fter the regression of the Pannonian Sea, in th e  area of the S ty rian  Basin 
and  of the Vas Ridge the  sedim entation trended SE towards the fault trough 
of th e  D ráva for a long time. In the area of the L ittle  P lain, as already m ention­
ed, th e  angles of dip measured in th e  cross-bedded sands show the redeposition 
of sedim ent m aterial to  have been directed sim ilarly towards th e  Dráva 
fau lt trough (i.e. southwards). E . Szádeczky-Kardoss suggests th a t  this 
direction of removal has changed since the Levantine times, th a t i t  has turned 
N E, towards the cen tral part of th e  L ittle Plain, th a t  sand layers have no 
longer been deposited, and th a t th e  accumulation of a coarse-grained gravel 
bed unconform ably overlying the sands has set in  instead. In  our opinion, 
this unconform ity and the  appearance of the coarser gravel sedim ents indicate 
the  setting  in of a new process of denudation and sedim entation, as in ter­
preted  by E. Szádeczky-Kardoss and W inkler-Herm aden, too. However, we 
can conceive this process as th e  beginning of th e  Q uaternary  era the 
stages of which increase in range if going back in  geological history.
D uring the first, longer half of th e  Pleistocene th e  huge alluvial fan of the 
R ába formed on the  surface of the Kem eneshát as well as fu rther E , up to  the
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foot of the T ransdanubian  C entral M ountains (Somogyi 1962a, Góczán 
1962), and the developm ent of this large, coherent alluvial fan m ight have 
las ted  until the G yőr B asin m arkedly  subsided in Mindéi—Riss tim es. During 
th e  accum ulation of th e  gravel alluvial fan of the  Kem eneshát in th e  Little 
P lain , the area of th e  Vas Ridge and  the  Graz Basin was being subjected to the 
form ation of terraced valleys. Hence, during the form ation of the  Kemeneshát 
g ravel sheet, terraces IV, V, VI and  VIII were form ed in the afore-mentioned 
teri'itories. In  the  area of the Vas Ridge eight terraces of the  R ába can be 
observod between S zen tgo tthárd  and  the  Ezüst Hill w ith  the following relative 
altitudes (Fig. 96): te rrace  I, lower flood plain level, 2—3 m, higher flood plain 
level, 4—5 m; terrace II , 10 m; te rrace  III, 20—25 m; terrace IV, 50—60 m; 
te rrace  V, 90— 100 m; terrace VI, 110—120 m; terrace VII, 130— 140 m. 
Above the la tte r th ere  follows terrace  VIII, i.e. a horizon of the  E züst Hill 
and  th e  K atalin  Hill hav ing  re la tive heights of 150— 180 m .The terrace referred 
to  here as terrace VII m ay  date, together with all th e  higher terraces exempt 
from  flood, already from  the Pleistocene, as suggested by the  presence of a 
sand  surface affected b y  cryo tu rbation  in its base.
In  the  northern and north-w estern  foreland of th e  K em eneshát th e  Rába 
Valley represents a tectonically  controlled erosive valley, and so do the 
valleys of the Zala and  the M arcal Rivers which ru n  along the  sam e line. 
T he Kemeneshát term inates w ith  an edge which is m arkedly cut down. 
T here are sporadic terraces, too, bu t the alluvial fans of the p artly  erosive 
valleys, mostly dells, running from  the  surface of th e  K em eneshát towards 
th e  R ába Valley are often so closely spaced th a t in  some places th ey  grow 
together like terraces, resulting in pseudoterraces. The southern and south­
eastern  boundaries of the  K em eneshát drop down through wide, terrace 
benchlands towards th e  Zala and th e  Marcal R ivers. These terrace  horizons
m
Fig. 97. Dell filled w ith  loam y gravel. Large ancient dell on the Kemeneshát G ravel Sheet, 
reconstruction  based on th e  exposure of the gravel quarry  a t Sárvár
1 — C layey  b row n fo res t soil, 2 — h u m ic  s a n d  fillin g  th e  yo u n g est d e ra s io n  v alley , u n d e rla in  b y  b u ried  brow n 
f o re s t  soil, 3 — g ravel c o a te d  b y  c la y  c ru s t a n d  b e d d e d  in  lig h t a n d  d a rk  b r ic k -re d  c layey  san d , th e  filling  m a te ria l 
o f  th e  an c ien t dell; i t  also c o n ta in s  P a n n o n ia n  c la y  lu m p s, 4 — g rav e l o f th e  K em en esh á t, m a te r ia l  of th e  early  
P le is to cen e  alluv ia l fan of th e  R á b a , 5 — u p p e r  P liocene eross-bedded  s a n d , w ith  san d y  c lay  in  i t s  u p p e r  horizon, 
6 — P an n o n ian  clay , w ith  s a n d y  c lay  a t  th e  to p  horizon
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arc covered by a th ick  suit of obliquely lam inated glacial loam which is mixed 
in several points w ith  gravel detritus. The glacial loam cover plunges from the 
lowest terrace horizon deeply below the present flood plain of the  Zala Valley, 
indicating that during  the last G laciation the Zala Valley was filled up with 
sedim ent to a high level by m eans of slope wash, solifluction and pluvioniva- 
lion. The actual features of th e  Kemeneshát P la teau  have been developed 
since the Mindéi— Riss interglacial period due Io I he more pronounced incision 
of the  Rába, ihe Z ala and the M arcal Rivers. D uring the Riss and Würm 
Glaciations, several types of periglacial cryoturbation features (4 to  5 m long- 
ice wedges, polygonal sacs, ice cracks) appeared on th e  surface of the  Kemenes­
hát, while on the  borders as well as in the dells large-scale redeposition and 
accum ulation of rock materials b y  solifluction took  place (Fig. 97). On the 
surface of the K em eneshát, clayey brown forest soils and red clayey soils 
were formed during th e  interglacials, as are under the  current clim atic type. 
These soils offered very  favourable conditions for the  setting in of processes 
of gelifluction during th e  glacial periods. The redeposition of the rock m aterial 
on slopes caused the  filling of most of the former erosional valleys and dells, 
and the eroded relief became considerably flattened owing to cryoplanation.
A t the beginning of the Holocene, the area becam e com pletely covered 
by forest, bu t in h istoric times the forest cover becam e th in  under th e  influence 
of agriculture, and th e  soil erosion as well as the degradation in dells revived 
again.
Accordingly, the  surface of the  present K em eneshát and the Vas Ridge 
was modelled by erosive processes along fracture lines during th e  existence 
of warm er, hum id clim atic types, and by processes of solifluction during 
the dry-cold glaciations. The hill landscape of K em eneshát affected by pro­
cesses of erosion, derasion and accum ulation has come into being in  this way.
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C H A PTER  13
FU TU R E PLAIN’S
The Geographical R esearch In s titu te  seeks to take a larger share in the  long­
term  research plan of the geographical sciences by  performing theoretico- 
methodological investigations destined to  satisfy practical demands. Therefore, 
we shall complete the 1 : 200.000 scale geomorphological map of H ungary 
and s ta r t the geomorphological and soil erosion m apping on scale 1 : 25,000 
in  some areas of th e  coun try  selected according to  their economic impor­
tance. The elaboration of the necessary legend and methods has already 
been started . In th e  subsequent years we shall discuss our experiences also 
w ith  th e  research workers carrying out similar work in th e  allied and 
related  institutions.
W e have elim inated the  one-sidedness in the stu d y  of the relief and evaluate 
the  relief, as a p art of the physiographic environm ent, from the  practical 
po in t of view as well. In  this connection, we shall seek, on th e  o ther hand, 
to  in terp re t the physiographical environm ent w ith  all its factors in its 
com plexity, to develop the scientific trend  of th e  complex physiographic 
landscape evaluation. T he first steps in  this direction have been m ade recently 
by th e  members of th e  Physiographical Section.
This ambition requires the clarification of the fundam ental principles of the 
com plex physiographic landscape evaluation w ith  a view to th e  practical 
requirem ents the developm ent and am plification of its methodology.
O ur current and fu tu re  task is th e  com pilation and publication of the 
m onograph Physiography of H ungary  prepared under joint auspices of the 
H ungarian  physiographers and th e  representatives of the  cognate sciences. 
Most m anuscripts have already been received. Our fu rther objective is to trea t 
the  L ittle  Plain, the  T ransdanubian  Hill Region and the region of Lake 
B alaton in the form  of physiographical monographs.
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